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Fig. 1 LOCATION MAP OF GARIVIDI , GARBHAM 8 CHIPRUPALLE MANGANESE. DEPOSITS 
SRIKAKULAM DIST , ( A R ) 
( 1 -GARIVIDI . 2 - GARBHAM 3 - CHIPRUPALLE ) 
ZKTROOUCTZOK 
Now-a-ociys mctfiijianese ore i s an in^oitco^t cc^Rmodlty whicr. is 
uvea eill ovec Uie gloioe. Manganese ! • most important ot Uie 
teriro«lloy mcitdls, tor vrtiich there i s no s u b s t i t u t e . About 9S 
per cent ot i t s ccHnsuv^tion i s tor meta l lurg ica l purposes. I t e 
c h i e t purpose i s s t e e l naking. 
Manganese ore holas a k e / posit ioi* in the metallut^-y o l iron 
und s t e e l i n whici; low phosphorus terro-marigianese i s commoiily useo 
os cteoxidiser ot the iron ores . >OK>ut 90 per cent manganese i s 
used a» terro«4nanganese« and S-7 Kg ot manganese ore i s rec^uirea 
tor tite production ot one tonne s t e e l . I t i s a l s o used in manu-
tacturing dry ioattery c e l l s and var ious chemicals . 
Inuia occupi t s a very important posit iori in the wcrla as tat 
as her mongonese resouj:ce£> are concernea. India happens to oc or<e 
ct the lour leading manganese ore producing cour.tric s ot the worla 
with an annual proauction ot more than a m i l l i o n tont.e ot ores . 
Iiiuio cofitinuee t o be one ot the pr inc ipal suppl iers ot mar.ganese 
ore to the world market. By the year 1985 Inaia May a l so s t a r t 
minitig the po lymeta l l i c nooules ot manganese trom Inaian ocean. 
•Manganese ores are wioely d i s t r ibuted throughout the 
i'eninsular region ot Inoia . Ihe more important depos i tB cx:cur in 
Mariarastitra, Gcttx, Madhya Pradesh* Orie&a, Karnatoka^ ^^unra 
iracMcth, ^j«jr«t« aULhar and fi4ttJ*«thAi». t>tx«iti^£^hlr.;^'ily, the 
tr(«uDy«n«««» or« oepo»i t« ot IfKll* «re' coni lnea tci the i lectotuotian 
t«ci.«ln» *no encountecMl i n the &«u*^ ur Qroup, rur«4Valll ^ . e i 
vicoup or C«:itttai «tna Wttsvern IWXXA, Ii:orf>oL<t ^xcu, «a)u .iei^ i^ (.:uv 
C!roU|/ oi uasteir^ XnaXo, ihe trtciriyciinefie ores oeluiiylr.,^ to Um 
un«u.t>cLt •.>U|.>feX VTfoup cx.cuir i r aii&cciatici with khotiuuiitt^ r^iu 
ciittcnucKite cuCKfe c;£ the t-ast^rn cflicits. Hie <jeciioyic<ul aieti^iou-
t i c h Gt m«ai9air)ese*Oi.«! <lepc!&itB in«y lac Kummctti&ea i n loolcr I . 
h i s t o r i c ^ i background o£ Andhr* Pcaarsh 
Knci%iLfc<ige ^ixxit the occuicericc ot m«n^«n€:8e ore in >< iSbia-
nayrciiwViecikhi^atnMb in<ui^siii«sc dC'lt (tocmeiiy rf^ierreo t; 
Viit«y«ip«tiMMn m^nyitri&se be l t ) a«t«:'8 «»« tor ixicK <*& liiS2« duxiny 
tne I^yihy ot; titic Coilway tt«ack oy the Q&itishers. Ihe t i c s t 
«r}^ot;t oL o&e« icon Uiifi counts y w«k6 CIIKO ceg ie tered tc<:«(\ the suo^ 
b e l t (fcttxtnor, 4<.i4,, 1900). 
l-cxmoc (I$K>0)# Mtio w«* the tii^st to wcuk on the (r>«inyur«8e 
oces ot Iiiuio* .^ ttVb: thfe hoA^ e *koiiurite* t o the rocks wTiici. c*rc 
)iyb£iu oha coinposeu ot mpmncii.ttt, £ e l ^ a r « «p«itite. 
Wc»lker« A.u, ( 1 ^ 2 ) **io w«& the t i r s t to report li U* 
geology o i tim pceoent turea, ^AV€; Uie name 'khondalite* tc thc> 
s u i t ot rocks coo^rifiing (cUartiii, g«rnct« <>illiiRanite, ^LnyhXic-
g n e i s s , ^arnetiterous gheis(3>« HU«rtsol:elap«»thic gn« i^B«« C:U<irt2ite, 
giu:n«titeroU6« («.u<*rti£ite« C4iic-.gneis&« b i o t i t e 6c l ; i s t , e t c . 
TMHJI 1 
D i s t r i c t LlUio-Unita Llthology 
M«hitr«lMlt,Cii 
M«n9«neMi Bel t 
fiikusar <2roui> 
oroup 
iiangipur, oclsMi Qanypur Oroup 
aon«i-Jc«onJh«r« Ixon-orc Or<;>m> 
Orlsa* *iMi biMv^ tbDvMi, 
Blh*r 














» do » 
Oonolt.«is, («UttCt&lt«s« 
•uirtole ond mica 
s c h i s t . 
Uuartailte, ana p h y l l l t e , 
s c h i s t s and l imestone 
H i y l l l t e s ^ s l a t e s * 
q u a r t s te <ano Line at ones 
wu<irtslt€> l imestone 
and p h y l l l t e s 
n t y l U t e s , <«uait2ltes 
<tnu l imestone , 
i>hyl l l t es ana sTiales, 
bamted tecru^lnous 
quartifilte «ina green 
s t o n e s . 
Jarnetlterous« v^uoirtslte, 
OaxTiet gra»nulites« ca lc~ 
yiranulltrs and as8ocl<itcxi 
m<Arbles and i^arret->silli» 
manlte g n e i s s e s . 
F h y l l l t t s , c h l o x l t t 
s c h i s t s , banded terrUgl-
nous (iuartftltes« l ime-
s tones and! sjreen^stones. 
- do -
AccorcUng to iU)y (I960) «QCi R«o« K. (1963)« the original 
nature ot tbm manganea* ora ot the area waa aadimantary which 
was later metaatorpkiDaed. 
I'toa total annual productiott ot Bianganese ot Andhra Pradeah 
«faa 76«764 Million tonnea* valued at Rm, 6,825 (1961). The reserves 
occur mainly in Srikakulam, prakaaan and Adilabad diatricta. 
The nanganeae dapoaita of Andhra PradeAi have major occurirence 
in 8irikafcul«tf» and Viaakhapatnam diatricta. 6ome minor ore depoaits 
ot minor nature are alao )inoMn frcn Adilabad« Ni%«piabad and 
prakaaam diatricta. 
The dapoaita ot manganeae-4>re in Srikakulam diatrict h^ ave 
heen reported ircm four diatinct belta, vis&.« (1) Chinii Bhatupalle-
KoduruU^evada belt, (2) Oarbham-VedullawaIaaa.JChipurupalle-
iidraaam belt, (3) Aitem Valaaa-.Oadabavalaa«-Batuva belt, and (4) 
Bangaruvalaaa-Ootnandi-Oorraju Chipurupalle belt. Ttte manganese 
dapoaita in thia district are associated with garnet-
graiHilite, calc«granulite, garnetiteroua quartaite, telepathic 
quartaite and crystalline lineatone forming a part of khondalite 
formation. Here manganeae ore occurs within an area of about 
1«200 mi, km, extending over a length of SO km from Ramabhadra-
pur«m (16^30*t 63^17*f 6S 1^7) in the NW to Nellimarla (16^09* i 
63^27*1 6S VB) in the 8K with a maximum width of 20 km at its 
middle. The general deposition of the ore bearing area trenda 
in m^SL direction. 
No aystematic appraisal of the manganese ore resources of 
Aodlir* Pr«(i«»h h*« ba^n Mid« •*rli«c-. Bmo, O.v. (19*9) reported 
I.S nlllior) tonnes ofi mmnquimam reaerve jEroai the Vieekm^petneM 
•Muigeneee belt (& •dLIion tonnes £ro» the working end ehendoned 
mlnee end 1 niillon tonnes from outlying occurrencee In Selur 
eree). keter on Venlceter«sieleh« K,« reported 2 odlUon tonnes of 
diiposlts (20 per cent to 3ft per cent siengenese content) ttam 
firik«kui4im district. The tocel production ot the ore during the 
lest IS yeers period is reiseo by this estineted figure. 
At the instence o£ Oepertment of ateel« Ministry of steel 
end Mines, * Joint inspection by Z.B.M.« r.Z.M.z., O.S.I.« 
M.M.T.C. «ms underteken during Merch-April, 1976, end e reserve 
of 2,ft •illion tonnes of mengenese ore wes indiceted end 
inferred oetegorles of 26 to 92 per cent Muigeneee hes been 
estiSMited upto e depth of fto n (VenketereiMleh et el., 1978). 
Bulk of the ore is low grede end conteins higher proportion of 
phosphorus. 
Locetion 
The tfork eree lies ebout Ifto sq. k* northM»est of visekh*-
petnem toim. it lies between the perellels of north letitudet 
18^12* end 16^30* end east longitudet 83^20* enl 83^ 4ft* end 
includes oirlvldi (et present srireneneger), Oertahesi end en 
iaportent villege of this eree, Chipurupelle •> ell in srikekulem 
district. 
Aco»MibiIity 
ihc «dst. coAst atetioii o£ Uie South Eastern jiailw«/ p«sse« 
throuyn the eastern part ot the eree. The ViiMftkh4^ >«tiMin»Hiiipur 
section ot the bouth Western KeJLlwsy passes UiroUiS^ the western 
p«rt ot U « ares. Both ttw secticms o£ railiiay meet at V i s i a . 
n^raoi. Ihe Calcutta-^fadras Trunk Hoadi« National Highway No.5« 
pttSaes throiyh £*rlkakulaB) town. There Ate a numtsc-r ot nr>etailed 
and unmetallea roads conitectingi a l l the majoc to«ms antt v i l l ages 
In Uw area. The f^lllsierla river I s recently bridged, ptovldlng 
all-the-yettT round ccsKnunlcatlcms within the area. Almost a l l 
the mines ace connected to the main roads, i a i r weathi r scutam 
«kna cart tracks. 
Topogrephy 
The area i s tROJce or l e s s a £lat terrain, interspersed wltti 
lsclate<i h i l l s . Zn the west ot Scikakulam town ther«r are a mimbez 
ot rugged ri i l le «nd ridges %iliich mark the t»eginning ot the 
toastern Ghat h i l l y terrain. The highest point in the are«k i s 
162 m. 
Drainage 
Ihe Nagavalli and the Vastsadhara r ivers drain the area in 
»uutr*->south-«aeterly dlrecticii into the Bay ot Berigal. Mc^ st ot 
tike tributary str(.ams that feea tltese r ivets are ep^temecal though 
there are small pools ot water within thetn. T^cre arealarge number 
ol; po(»Li» MTHi t«nK0 for irrigation pur|>o««s «aiil wells ior «iN>t«r 
•upl^Ir to the Ioc«I p€3|pui*tion in th« «uc:e«. 11M t»«t«^ r taole 
ift 3 tt below ground level in winter but i t ainke down dm^pet 
during suMter. 
ClJbMite 
The e*st coaftt ot Inclia IMS e tro(»ic«il warm «na hu»icl d imet l c 
concUtiof.e t<itri t««iper<»tux-e r«nging iron 12% to 43^;. line hot 
«ha tvumia cliaiete prcvAile trcei M«rch to June, «tKi s l ight ly cold 
c l in«te trom November to i'ebru«ry. The rain t«ille vainly troei 
July to November, *tia the ever*ge ennuel r«ir)t<all i e 62.5 cm, 
the bulk oi i t being received irom bouth^lieet monsoon, ihe North-
t^eet moneoon a lso e i i e c t e the area to a limited extent. 
Fauna and Flora 
Ihe thickly ioreeted hilly are^ i in the west and the valleys 
in the east or the «urea are the abodes oi bears* wild boars, wild 
goats* and occasionally tigers. *6al* is the oitly valuable timoer 
in the area, frlantain* UUMorind, mango* jack fruits, etc., are 
the BMin economic trees grown in the area. 
llie valley supports good agriculture, the commcn crops being 
rice, pulses, sugaccsne and jute. *rodu* cultivation is commcNri 
in the hills. 
e 
NvthcKt 
llM author vi«lt«d «II ttM nangan^ stt mine* «t 0«rividi, 
O«rbh«0i« anci Chipurup«ll« arwMi. Ho«t o£ the mines h«ve long 
been abendoned and only a tew %«ere found in operation, ihere ie 
no development work at pre4Mnt« though only a few are being 
worked out by eome private parties. 
The sao^les have been collected without following any grid 
method because oi non-availabiiity and scanty ex^sures of the 
fresh rock as well as the or on the surface. About loo samples 
(both of rocks and ores) have been collectiKl« out of which the 
fresher and uowaathered samples are selected for geochemical 
studies. 
The methods and techniques adopted for chMiical analysis 
of the ores are as followst Itm methods adopted for preparing 
solutions for chmical analysis were outlined by 8rivastava« R.K. 
(1977) and Shapiro and arannock (1962). 
The ore samples were powdered to about 400 mesh and two types 
of solutions *A* and *B* were prepared for the analysis of major 
oxides «s well as minor and trace elements, 
(a) Procedure for preparation of Solution «A» 
Solution *A* was used to determine silica and alumina. Xn 
present study following procedure is adoptedi 
i. it^nrntmcvrnj 5 nl portion ot K» ptx cent N«OM in « nicK«l 
crucible. 
2. i.><A|>oc«t«(l thi; aoiution to «lryiMts«. 
3 . Accur«t«ly iMULglMxl 1 gm oi the or* powder cUrcctly Ind 
crucible Anu tr«n»terred io p e l l e t s of NAQH in to i t . 
4. Covered %aX he«tea the crucible to au l l redneee^ Uteti 
Allowed the ne l t to cool . 
5. Added *Oout SO ml d i s t i l l e d weter to each crucible^ covered 
i t 4tfKi kept undisturbed overnight. 
6. llE-*nsi«M:red the contents oi e«iich crucible to SoO ml beeKer 
and eddea 2o ml o£ l i l HCl • ebout S inl to 6 ml e^uere'jia. 
7. Pli««d thtf toeciker on « hot plater and the srlutlon Mas ix>iled 
£or ten miituteti t i l l a clear solution was obt«ir)eo. 
tj. Iransterred the solutlcr. ot beaker to one l i t r e vc>lumetcic tlctsk (previously rinsed with I t l HCl). 
9 . Oiluted each solutioti upto auirk and Aixed well ano transterred 
i t into p las t i c bot t l e s . 
(^) ^reiaaratlon oi iiolutlon *B* 
Solutioti 'a*vva^ uasd tor the determination o£ Nro# ^•7^3' * ^ ' 
Cao, t i O j . »*^5» t^^» ^2^' ^' ^**' ^^* ^^* *'*• ^^' ^^' 
1. lock 1 9m ores powder in teflon bostbs and 4Kided 3 ml 
«c«u«reQia and 4 ml Hf. 
2. Kept the boetbs in a heatinsi block (at temperature 1 3 0 ^ -
140^) and kept ior three hours. 
3 . Removed the bombs irom heating block and cooled them at 
room temperature. 
4. Added 5 to 6 gms ot boric acid in a tlask o£ loo ml, trans> 
ferreu teflon bomb solution in same flask«wait t i l l the 
boric acid i s dissolved then made upto mark. 
5. Iransferred into p last ic bot t l e s . 
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Th« chemicttl «n«lyA«s <S«t«i «r« ^Iven In tables IV, v , VI« 
vxi« VX1I« XX« X« XX anu « X . The M ^ ^ and tilo^ ««^ (^  determined 
oy the i^pectrcphotometer by dwywlcping coloured i»ns ot tlm 
respective eieiM»nte and neaauring their abaorbanc« on the tollo«r« 
ing aellected wave lengths. 
Major oiadea Maye length fidlt width Colot^r 
&IO2 * ^ » AA 0.12 aed 
aenalt ivity 
Hl20^ 6 7 S m AA 0.90 Blue 
• ens i t lv i ty 
For eliminating error due to possible "reagent contamination" 
a reagent blank w^m s e t uy. with d i s t i l l e d wate^ r tor e««ch set ot 
deteroiinatictfi. 
^^^' 1^ 2^ ' ^2^5 ^^ '^ * determined from the *B* solution by ilsme 
photcmeter. A dilutioit ser ies ot varying ranges ( l - l o f) haVe 
been usea tor the tlame photometer which has been set up in t h i s 
range. Ihe percentages ot Na^ O, P^^s *»*** *^ 2® *** determined by 
plott ing the reading vs . di lut ion ser ies percentage 
on a graph p « ^ r . 
The Una, y«203# ^102# Cao* MgO# Mi, Cu, ^b. i n , Cr, Li, Co 
were determined ir, Atcsedc Absorption «p«<:trof>hotamf^ter iFerian 
felmex) ircei *a* solution. Feo was detexminsd oy t i trat ion method 
s%>arately. 
Miter (M^o*) was determined by the igni t ion of saa^l&s in 
II 
MUJ.&I9 turnace. look on« grim powcUur i n pli^tinuin cruc ib le «na 
hetkttta i t « t 6 0 0 ^ tat thr«« hours, then r»p««»t.eo the SMM pro-
cedure, l ite d i t f e r c n c e In tiifo v«Iu«s ( i . e . , b«tor«! heating « m 
ai:t«r htat i im) i s th* L.O«X. ( l o s s on i g n i t i o n ) . 
Previous Nock 
Ihs e a r l i e s t r«t«r«rjce t o th« rcgioiuil gsolouy oi the Ess t 
CottSt o i XnQis tMS nsde i ^ Benks (163S) As quoted by Kin«, w. 
(1666) , who brought out & 9«olo^icol sketch m*^ oi Vis«Jch«^atn«p. 
And ^i ) ( .^ul«n u i s t r i c t s . Fermor (1906) y«ve o det«ilL<l Account 
o i the geology o i the VisciktMipstniM) iMUigAnese b e l t ana minec«logy 
oi miing«iness or«^s i n h i s c l s s i c Msnoir, *M*ng*ncs« Ore u e p o s i t s 
o i Xndi**y but he could not decide iron the s v s i l s b l e intormst ion, 
whether the nengsnese ore bearing rocks ere igneous or seaimentary 
i n o r i g i n . Nevertheless , he sdvoceted ior the igneous o r i g i n 
o i mengsniierous rocks and introducea the petrcsgraphic term 
*kod^arite* tor the group c o n s i s t i n g c h i e i l y o i ec id rocks , such 
« s sps t i t e - f lpendi te -or thoc l s se rock «s s i so o i more bas ic rocks 
l i k e pyro^Mne-kodurite, pyroxene rocks , opanuite rock anu pyroxene-
ipandite rock. Feraor's view ot igneous o r i g i n ot 'kodurite 
who 
st:ries* was questioned by Cross, w. (1914) ^ suggested a hyteid 
origin ot these rocks. Fermor (191S) later accepted the hybrid 
nature ot the 'kodurite series*. According to Fermor (191S), 
the manganese ore associated with kodurite series is derived mainly 
irom the decomposltiort and chemical alteration ot mangniterous 
rocks oi the 'kodurite becies' anu partly by replaccanent. 
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Uium* J.A. (1942) Also 4N9>s-e«ae<i th» vX«£W th<it th« m<*n9«neae 
oi.« K>e«j:inQ rocks ot t h i s «r«« srft o i hyticXd n<»ture and opinevi 
th«t they «re sJLmil«ir t o ths ai«ng«nli;crous rocks ot M«olhyA V'rsdesh 
ibMiSSc ^ r i e s ) hut ait i:«r In thctiXr gr«a« ot metMnorphism. 
jcrlshnsswsmy (1.9&I) and A«ny«n*UMun (I9S^) carried out 
r e s p e c t i v e l y reyiottal preLi»inary miner*! survey mna sys tes i s t i c 
yeoIo9ic«il viijpping in iirik<ikui«cn d i s t r i c t . Krishna >Uo (1974) 
«ind M«gh«v« Hao (19S5) Skspped port ions o i the area under st\uly 
and a l so scste adjoining parts during t h e i r research s t u d i e s , 
i'rahhakar Rao (1950) i s o t the view thcit stangfir.ece ore bearing 
rocks are ionned due to hybridisat ion o t panganiierous Khondalite 
by g r a n i t e . Krishna Kao (19S4) and Haghava Rao (1954) are o i the 
opinion Uwt manganese ore bearing rocks are sediment«ry in o r i g i n 
ana the ore depos i t s are tombed due t o ox idat ion and enciclwient 
o t spandite garnet and asaociMted mariganese minerals in th(> 
» e t asedifnent s • 
btracaMk and Krishnaswamy i l9S4) a t tr ibuted the toimotiori o i 
Bianganese«K>re d e p o s i t s to s^pergene a l t e r a t i o n o t •ttt4M)or^K>sed 
syngenetic manganiierous beds« %i:>ich ev ident ly cent airbed gat n e t , 
rtiodonite ana braunite* and su^^ested that s tructura l mapiing 
in the area miv^ht reve«il some sor t or contro l tor the tonrtaticn 
cr trte ore deposit! . . According to t h e o , the ir>ajor depcsits> are 
l o c a l i s e d aloiig two or oncre s tca t iyraphic sones and are aeeociateci 
«fith c a l c - s i l i c a t e g n e i s s e s or garnet i terous c^uartsites. further 
they b e l i e v e that 'kodurite* «being very loca l in occurrence« 
should not be used as a major petrographic term and moreover t e l t 
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th«t th«<r« WAS no eviclmit r« l«t lonahlp between th« mttngdneae ore 
depoei te «nu *tocluxite*. 
K«thedevci «na Kriahna H^O (19&6) «urKi Kriahna t<iio (IS»60} sugyesteu 
tti*t!t the ore <le|io«i.tB o4rigin«ite<i In three d l i i e r e n t w<ay&, n«nely 
( I ) priaiMry iMdded deposi ts^ (2) ciejposits toxwmdL due to ox lde t l cn 
end enrxchnent o t »«ngeneee-ai l . icete inlneriila and (3) repleceinent 
depos i t s* i n order ot i»poct«nce . Reo« O.v. (1978) o^epped the 
nenyenese laelt o i &rlkekulMr< d i s t r i c t to e l u c i d a t e trie s tructure 
and strat igraphy o i the area . 
Narayana Rao (1961) a l so held the opinion th«it supergene 
ox idat ion and enrichment or manganese o r e s are c h l e t l y responsible 
lo£ the tocnat lon ot the oice d e p o s i t s . 
The o thers «ho worked i n one or the other aspect o i the geo log / 
o i the area Include Varaprasaaa Rao (1963)# Kannan (1969) , 
Kriiftuutturthy and ftathyanarayana Murthy (1969) ana RmMm fr.K. (197o) 
AsBisBi (1970) reported the occurrence o i Tert iary (7) sandstones 
and c l a y in the c o a s t a l areas o i the d i s t r i c t . Bhattacharya 
(1974) s tudied the petrography o i the rocks adjoining Garbham 
area . He opined that the bas ic charaoekites were o r i g i n a l l y 
sedimentary i n nature and subsec^uently aket«norphosed pclniori l / 
due t o the i e l s p a t h l s a t i o n . He a l so observed th«it the l e p t y n i t e s 
are the products o i SM»tanocphlam o i sediieents o i appropriate 
ocMposition under granu l i t e f a c i e s condi t ions ana the g a r n e t i i e -
rous grani te g n e i s s was iormed as a r e s u l t o i increased grani t i sa> 
t l o n o i khondallt .es. 
The views expcessed so iar by di i lerfcnt w&rkecs in ri^ ct^nt 
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y«!4ur« i n o i c e t e th^t the ia*ny«nli:e£ous rocKa ot the etuu/ nce^ is 
ot (MOlmentoiry oiri<^Xn« and superyent:! ox ia«t lon mavi enrichment 
axe c h i e t l y reif>oneii>le toe the toirm«tion ot inan c^ui«^ ci« ore aepc»lt&. 
pr<actlc«tily no work h«*s yet iMten done on tne ^eccnemlsti: y 
o£ iMinyoneae ore* OJE i>rlk«kul«m o l s t r i c t . l h i « would oe the 
t i r s t tttteenpt t o stuay tt^ te geochemietry ot the in«uis^ c>nese ores oi 
the s rea . Ihe present work i s primctrliy concerrtea with A 
coB^arotive study <MDony the msjor, minor/ ana trace eleir^nts ot 
the ores« onu costpAre atiu contrast the geochemical condiition 
uncler vdiich a non-revers ible preoepitdtion o l n.an< «^»ne8e hao taken 
p l a c e . I t i s a l s o intendtsci t o present ttie aistributioi4« 
expos i t ion ana cottcentration ot the manyanese o t e s . 
Itie author wishes t o record here h i s deep sense ot g r a t i -
tude t o Protessor S.H. Rasul, Uepartment ot Geology, Aiiyc^rh 
Muslim Univers i ty , ^ l iyarh , unaer wttose abie and insp ir ing 
guidance t h i s work has been completed. He i s a l s o gra te tu l 
t o h i s superviser tor proviainy research t a c i l i t i c s in the 
Department. 
Ihe author i s very thanktul t o Mr. Iqbaluaain, Ke«aei, 
Mr. Noman <3hara« Lecturer in Geology, Aligarh Muslim Univers i ty , 
'^ligarh, tor encouragement, he lp tu l suggest ions ana the ir keen 
i n t e r e s t i n t h i s %iork. 
IS 
A. Akhunji* ii«Mi«i:cri t>cliol«r« In c^coloyy* A . M . U . , Aii^ttrii* 
Mr. <7«w«(i ict4<u)» ii*«««rcn te))oi«r« o«p«rtiMnt of Botimy, ^ . ^ . u . , 
Aiiy«£h« t&( th« ic occiUkLotml httlpiui suf9^««tlons ^iia «nccux«gi«-
ttftfit. 
&ir)C«i:« thADka «r« «l»t> due t o Dr.V.V.R.Varxiacharl, Direc tor , 
M«tloriAi XiMtltuttt o i 0cmMno9r«|»^y« ^^ o^n* i»'«Mja.«« ao«« toe: j^roviot-
irm l«bor«.to£/ Mid Xil»r*</ i « c i l i t i 9 « , «mt tc C M C / out cf)enilc«fil 
tUMiysltt In tnc: I n s t i t u t e . He ! • a l s o t^rrittuJl t o Hc.Faroi^Kairl, 
ur.VAXsanlu:*, M.Murthy« «icienti«t»# MittXon*! I n s t i t u t e o i 
0«;e«tf)&yrtfjphy« Uotm f « u l « , Qo«« t^o guldea Ui« author in dtchlev-
Itty f>rotlci«ncy i n cr4eniicttl «fi«Iy«l8. ihe «iutrior «»la<) wlsr>«e to 
tn*nk Mee6e&» au^t«i# v i c t o r , Klyam^ i j c l e n t i e t s , Natlonui i n s t i t u t e 
o i oce«MrK>yr«|>Jtiy# for rsiicterinw hel |; Lu c«£ryln<^ out |>etro^^r«ij^ >hic 
s t u d i e s . 
^he author 9 i :ateful ly scknowleagfes Mr.Qupt«« Man«vi*<^ « 
HangsHtese Mlncs« O a r l v l ^ , Sclkakulan < l l s t r i c t , Hr. b.v.G.K. Rac, 
i»enlO£ Geo log i s t , <9eol.ogilcai iiurvey of India , for xeriderlng hel^-
auiliMj the f i e l d vock. 
Ihe author I s h ighly grate fu l t o Professor J . & . M . Krishna 
iiao, He«td, £)e^artiMmt of Oeoloyy, Maltair Univers i ty , atjo 
Hr. b .b , .Heiua, i>irector, G.&i.I,, A.!". C i r c l e Nortii, for 
tsncouray^nent and he lpful sugges t ions anct a l s o for proviairtg 
s«9fiie useful l i t e r a t u r e . 
Many t^iafdts are a l s o due t o Messrs i»alee«iudain Ahmad, 
K^aheedullaii, C h i t t a r i , uate , i»irsat and MaiMihood t%im\ H u^b, for 
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c«rtogc«p^y«photogr4i^hy «nd typiniyi the inanuacript. 
1o hXB elder brothec« PadMi bhti H,h, &ladl<;»ule« i>eputy 
^Irect&r, NAtiofMil in s t i tu te ot oc««oottr<«(>h]r« i^ ona i «ula# and 
ra.e yhAOi, IIAJIAI «i«MLi<tule# the euthor «%ceee«« hie |>«rt:icul«a 
yceU.tu«ie ice tiie ciure« guiaiMice mnd Itff received in c<>ui:ee 
ot pursuJLiig ena coMipletifty « i^ «a-t. oi present work in iMe 
M.X.O. i«ibot:«»tx>ri«e. 
The ewera oi C.d .I .a , lellowiMiip i e Also th<«nktuiiy 
AckciDwiecKiea. 
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Dip a Strike 
of foliation 
Fig. 2 GEOLOGICAL MAP OF GARIVIDI, GARBHAM 8 CHIPRUPALLE 
MANGANESE DEPOSITS. SRIKAKULAM DIST , ( A. P ) 
Chapter II 
ii£GIONAL SBTUP AND Q^OLOOt OF THE AR£A 
I'he manganese belt forma an Integral part of the £aatem 
Ohat Complex, ihis area consisting a regional 1/ metamorphosed 
(granulite facies) and ensemble o£ argillaceous, arenaceous 
and calcareous sediments. Manganese ores occur primarily in 
association with calc-granulite, less often with quartsite and 
still less with the quarts garnet ± sillimanite *, graphite 
gneiss (khondalite). l^ he calc-^ranulite, quartsite and khonda-
lites are syn»sedimentary rock bodies, conformable and co-folded 
with the associated lithic units. At places, hypersthene 
gneisses (charnockite) have been intruded into the syn-sedimentary 
bodies. All these rocks tiere in turn intruded by granite, 
pegmatite and quarts veins. 
Crystalline algal limestone (author reported algal body 
first time} from Koduru quarry, gritty sandstone (Kiocene 7) 
in the form of rubble and laterite caping are also cdaserved. 
After Rao,O.V. (I960) with short modification by the author, 
the follo%d.ng stratigraphic succession has been established. 
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Aec&nt /alluvium and a o i l 
P l e i s t o c e n e (7) Ijaterite —- l imon i t e 
mxvX ocl^ ocre 






peyiRatite «ndi quart;& vein 
Orenite and granite gneisses 
Hypersthene gneisses (porphyroblastic) 
(charnockite) Gcanulatic hypersthene 
diorite ana granite gneisses 
(charnocKite) 
Oornet ailiimanite gneisses 
(khondalite). 
Garnet granulite —» MANOANCiab Otv£ 
HORX&ON . X. 
Crystalline Algal limestone pocket. 
Green shale pockets* calc granulite * 
lenses or rc^ i shale. 
Oarnet granulites - MANGANt.i>t c*iE 
HOHIi^ON - II. 
Coarse grained quart%ite. 
Felspathic quartsite, with lenti-
cular bands oi garnetiterous 
quartsite -- MANO^^i.^ o<.*.i. HiMl^uou -
III. 
Coarse grained quartzite. 
OarnetoSilliiiianite gneiss (Khondalite ) 
Biotite gneisses 
(Modiiied by F.H.^iddiquie) 
ao 
lABLfi XI 
UiUioIo^lCttl Units wiUk ManywMtaft ore i n Oittetetit 
wu«krri«s 
d.Mo. NMMT o i quarry strika «nci Oip 
Ohobi 
Kofiluru 
N 5 S ^ » U S S S ^ K ; / 4 S ^ H I 4 £ 
N50®W-S50**t/*0®»«« 
Ciklc granul i te ano 
Mi«ll pockets o i yreen 
and red ahale . 
CryatcilXirie ai^al 
limestone» granite* 








• do • 
- do -
5 ^ ^ NBO^^w-aeo^^ViS*"-**®*** 
Udiki>»eta 
Ibctst OarJahMi 
- do • 
(A) H5S®iUtt55®W/4S**-*0 faSIt 
( » ) 












C«ilc granul i t e 
Calc granulite 
Calc granulite^ 
Calc granulite and 
khondalite 
Feld^athic quartKite 







MANGANESE ORE (FRIABLE) (8) 
•KHONDALITE (5; 








KHONDALITE (POCKET) (9) 
— MANGANESE ORE 
SSE NNW 
Fig. 3 VERTICAL SECTION OF A PART OF PIT (A) E - GARBHAM, SKLM DIST,(A.P) 
( VERTICAL THICKNESS IN FEET SHOWN IN BRACKET ) 
F. N SIDDIQUIE 
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LlthoIoglcAl Distribution 
(I) ?fTnttrr^tUmnJL^ "ntiff ^1M» ««rMt..«llIlm«nifc« 9n*i««*« • » 
dlstrlliutcci In all the thre* «£•«• And tiMilr outcropa often stand 
out as furoinlnsnt hlLls and rldgas, Th* rocks appaar brown to pink 
In colour and coarss-> to n«aiun->graln«d. A hlll o£ khocidallta Is 
situated In ths north of Koduru. Ths khoodalltas ars associated 
with ths rocks containing large deposits of manganese ores. 
In ths "Inclined quarr/** (Oarlvldl) khondailte nodules are 
enioedded in colloidal manganese ore (Pl.l« Fig,I). 
(II) C^ilc-aranulltei Calc»granullte is associated with garnet 
sllllmanlte gneisses In ths Oarlvldl and Qartaham areas. Zt is 
usually equlgranular, medium grained. In oarlvldl, near a tMiqple, 
calc*granullte shows the contact with Intrusive granite« «t Faccor 
hill. Ihe calc-granullte Is highly folded in Faccor hlll and 
sho%ilng drag type of congruous folding In Oevada, Oarlvldl 
(PI. 1, Fig. 2) part of £>evada hlll showing dlsharmonlc type 
of folalng (Fl. 2« Fig. 1). A very pro«d.nent pty^Mtlc folding 
of quarts vein Is also present in the same rock ne<ar Devada 
hlll (PI. 2, Fig. 2). 
ii-i^i-) Feldsoathlc auartsltei Ihe felspathlc quartslte occurs in ths 
form Of bands and lenses (Figs.3 and 6) and Is composed of medium 
grained quarts->feldspar. Ths best outcrops are esq^ osed at Udlklmeta 
hlll, aarukuoda hllKOarbham), Sadanand^iuram, Koduru (Oarlvldl) 






















Fig. 4 Age range and taxonomic d ivers i t y of f oss i l s g roups , also showing the 
d is t r ibu t ion of calcareous algae th rough geological t ime scale ( th ick lines), 
a f t e r Harow i t z a n d Po t t e r (1971) -
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qy«rtalt« cxcurs in Xtm Com of v«4n (PI. 3, Fig. I). 
(iv) <kMrn»t Qn«l»»i T ) M g«m«t gmiiaM* studiaci in OwrtahMi nin«s« 
«r« iKAlnly cai^oMid of 80 to 90 p«r ewtt g«x:iMits, % M M tlMis 
tius rock h«v« on* and tudf <««t long g«rn«t aingio crystal« 
••g«« in'B* quarry ol: aast OATtatoMi, SOM* erystallin* mumaneaa 
ocmm iik« j«coteit*« trains of ctoart and patch** ctf liaonito «ro 
alao tounci in aaaooiaticxi oC gariMit gnoisa. ona oi tha 1Mat 
aa^oauraa ot garnat gnaiaa could ba aaan in Koduru quarry, 
(v) Calcaraoua analaai Caicaraoua gnaiaa ia praaant in all tna 
thraa araaa, but at noat oft ttta placaa it ia found in tha form of 
iaolatad outcr<^a which ara aoatiy waatharad. Zn tha cantral 
oarbhan quarry it haa aharp contact with tha undarlying friabla 
manganaaa era {PI, 3« Fig. 2) and alao in fc>aat Oarbham quarry* 
caicaraoua gnaiaa hava two parfact tonguaa (about aix »atra Icmg 
and thraa faat wida) which ara pinching off towarda aach othar 
(Pi. 4* rig. I). 
(^ i) Cryatallina aiaal Ilaaatopai Algal calcita Aarblea and cal-
ciphyra pockata ara aispoaad only in tha Koduru main quarry, ihay 
ara vary coaraa grainad and contain aoaa algal bodiaa (raportad 
for tha firat tiB«)« diopaida and ^patita. iha apatita graina ara 
bluiah»gra*n in colour and vary in thicknaaa from 1 to 3 an. Iha 
algaa raportad probably balongia to Pracanbrian aga (Pig, 4) • 
(vii) SHjjJiAt ihara ara aona anall pockata and lanaaa of graan 
(naar Vitahu fioda Plant) and rad ahalaa in Uhobi pit (Oarividi). 
Oraan ahala ahowing phyllitic taxtura (PI, 4« Pig, 1). 
2ft 
I N D E X 
CALC-GRANULITE 
CHERT VEIN 
MANGANESE ORE ( BOTRYOIDAL) 
Fig. 5 SKETCH OF A CHERT VEIN BORDERED BY MANGANESE ORE ALONG 
THE FISSURE OF THE CALC GRANULITE AT SAI BABA PIT, 
N-GARBHAM, SKLM D I S T , ( A . P . ) 
(viJUl) 6iid«tqnai A clMtf outcrop of g r i t t y •«nd»u»n« i s WJ^ yoMd 
In owyftm quAcry (OArividi) in which b«nchft« •nd •t«i»0 AT* cut for 
tr«iMpoct«tion ot minmA oc««. ttm sandstcMM •how» g«iMr«lly two 
typM o£ •tr««ks« dull white atrceks o i quarts «nd )>l«ck •trsska 
oi OJiKiiasd MoigsnsM oc« iMi«r c o i l |P1.3« F i g . i ) . 
<^ Lx} EtOM&iSft* FsgiMtits vs ins consis t of eosrss quarts 
crys ta l s at sons plaess about two fas t in Isngth) as in Roduru 
quarry and a lso h^viny bluish ai^y c r y s t a l l s of f«l%»ar. Thsss 
vs ins ars prassnt in both knondalitss and chamockitas. 
'^O Chart w i m Oistiimuishabla chart vain praaant in Sai Baba 
p i t (Oarbhask) and i s bordarad by botryoidal aanganass oca along 
tha f issuras of eale«»graiiulita <rig, S) , 
(xi) u^tarlta and ochrai Raddiah brown and highly cavarnoua 
la tar i ta s occur in tha fora of iaolatad ami thin c«^|)pings oirar 
rocks in Pallapgudi (Qarbha»), Sons patchas of yallow ochra ara 
a lso prssant i n a l l tha thraa ninas. 
Minm§\^m gmrtH* 'An* to nadiun grainad hyparthana^naissas 
occur i n tha v i c in i ty of Koduru araa. Tha taxtura of t h i s rock i i 
aquigranular, nadiun grainad. Tha boundarias of thasa hyparsthsna 
gnaissas with contiguous khondalitas ara gradational. 
Zn Jml Bhatfani p i t (Oarbhaa) i t occurs as lanticular bands 
within calo-granulitas. Zn Paroxida p i t (Oarividi), naadlas of 




|:>^>^ CALC GRANULITE 




Fig. 6 SKETCH OF A RECUMBENT TYPE OF FOLDING AROUND THE LENSES 
OF QUARTZITE 8 MANGANESE ORE IN CALC GRANULITE AT PtROXIDE 
PIT, SADANANDAPURAM , GARIVIDI , SKLM DIST, ( A. P ) 
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Fig 7 SKETCH OF A RADIAL TYPE OF FAULTING IN THE CONTACT BETWEEN 
MANGANESE-ORE 8 CALC GRANULITE AT DHOBI PIT, GARIVIDI . 
SKLM DiST,(A. P.) 
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auruetur* 
The strifc* ot UM lotmrntlotm wnmw from MNM-fifiK in th* 
Koduni« OarlvXcU. miiMS, in ttm •Mit«m part of the bait through 
liii.SC in Chipurup«ll« ninvs to KM in Oartaham mines (Rao, O.V.« 
1M9). HM iaolataa nature (in the locm o£ h i l l s ) o£ country 
rock craataa a d i t l i c u l t s>rol>Iem in ciacipharing the regional 
structure. The main structural iaatures worked out oy the author 
are as foILowst 
^* MMkSULm 
(a) Wesoscopj^ c • The rock ioroiations in all the three areas were 
folded into a series of antifoms and synforsis. Various types 
of folds were recorded such as dishATKonic type of fold in Oervada 
hill (PI. a« Fig. 1}» drag type of (congrous) folding in Faccor 
hill (PI. 1, Fig. 2), ptygaatic folding of «iuartB vein recorded in 
calc^granulite of Oevada (PI. Z, Fig. 2)« reeusriaent type of 
folding in Peroxide pit (Oarividi) (Fig. %), asysnetrical fold in 
"Inclined pit" (Oarividi)« overturned plunging foias are also 
recorded froM atidbi pit (Oarividi). Zn Uhotai pit« structural 
features like folds, faults, joints, etc., are very cowan. 
(b) MicrDScoD|/c I Hicro»fold are also studied in thin sections of 
garnet gneiss (PI. 10, Fig. 1). 
2. iMiJkiM 
VariiMiS types of faults are seen in all the three areas. 
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y//A CALC GRANULITE 
CALCAREOUS BAND 
Fig.8 A HORST IN THE CALC GRANULITE AT DHOBI PIT, GARIVIDI 
SKLM DIST (A. P. ) 
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important ones AC«: recorded txtm Ohobi p i t »uch as K<acli«l typ« 
or tauXtlng ifL^,7)at the oontnot of »«ny«n«M» ore And c<klc~ 
gr«ntalJLt«# «iRd « lco « horst {fig, B) trciccsd out £ro« SMR^ p i t . 
Mill d«v«U>p«Ki j o i n t s «re alao obasrved i n various p i t s oC 
a l l the throe aiea«« a prominent "Master j o i n t " (Fig . 10) «hlc^ 
I s tocmed by Uie ooskblnatlon o t both* I . e . * v e r t i c a l ana obl ique 
j o i n t s , i n p y r o l u s i t e a t utiobi p i t ( O s r i v i d l ) . 
ChMptms ZIX 
MINERALOOY AMU »B»U)QfU|>l« 
HiiMr*Iogy oi tlM» oc*s 
TtM mtuiqiumam ocmm, colI«ct«ti Cron Uia d l i i«rent mifi«s« 
««• n«g««cqplc«ily •XMiln«d «nd Cound to b« i«rg«ly composttd oi 
pyroluaitc, p«lioMil4Mi*-cr]nptQiMlttn« •nd %iMi. A MMU.! «»Gunt 
of jacolMlt* i s Also «ssocl*t«d with tim or«s. There are also 
somi iron of, liXm fsrruginous i s t s r l t s s and ochrss capping 
Uis Msngsnsss Osposlts, 
pyroittslts^ wlilcn tislongs to UM tstrsgonsl systsm* occurs 
In ths Com o£ i l o s l y c r y s t s l l l n s t o iioQ»cryst«lLln« var ie t i e s 
oi manyiansss dloJdds. I t i s connonly assoclatsd with a l l ths 
varj^t lss oc ths auuigaosss ores to a grsatsr or Issssr amount. 
Zt usually occurs In <tusty» colimnar or i lbrous form. Colouri 
Solly Dlack oc Oark s t s s l grsy, strsakt 4ark black« hardnsssi 
2,0»2.5« sp. gr.t 4,7« lustursi sutanstalUc to a s t a l l l c . lias 
•a s s lv s varlsty has a haronsss o£ about 2«S. Ths fibrous and 
fr labls (Fly. S) variety often s o i l s the f ingers , ihs Massive 
variety of pyroluslte occurs in such fonns as botryoldal^ 
)a 
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Ihe ore ttmiuma/tXf occurs «t OTbhMi» p«rU.cul«rly in s«i 
lAlMi qiMrry (Fig.S) Around « ch«rt v«ir.« and in Oarivldi at 
i»*Il«|»gucly, J«i ttMVMii« UdiiOiMt* h l l i« Koduru and th« "incUnod 
quarry* (Pi . I« Fig, ! ) • Psilonalaoo-cryptonaLaiw ores occurs *• 
botryol.a«l« kidney skiapfid and also soma timaa in nodular iorma. 
Thaaa coiiotcnn ores are fraquantly ccMpoaad oi altarnatiny and 
concantric anvalopaa ^ paiioMiIana-^ryptomaiana, pyroiuaita and 
yanyua. 
I t i s d i t i i c u l t t o distinguish bat«ssn tha two «inar«tls by 
thair pliyaical propertiaa. How«var« thay dirter in t lwir chainical 
co^positiwi and »»ray diffraction pattarn. Tha fomulAa c^ thaaa 
ttio minarala, suggastad by Hawatt and Flaischer (I960) ara mm 
followst 
Psilonalanai '**'^ 9^ It' **a®' iWte^^- M n ^ 
CryptoMlansi ^'^i^» «Mn^*- Mn^ 
TtMfey ara iron->bI<ick in colour paaaing into dark staal gray, vhiLa 
tim straaK i s shining brownish black. Hardnasst §.0«6«S, sp.gr . i 
4 .7 , rracturat aub-concboidaX. 
3 . _ 
Colours brownish t o s taal gray« forms cauliilowar l ika , 
hardnaass 2.0«>2.S, sp.gr.s 2 .9 . In Jai Btwmrani quarry« i t cxxurs 
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In aasoclation tdth th» cryptaMlMi**p«iloawl«aM or« (PI, S« 
Fig, 2 ) . I t ! • « very Ioi«»9C*dtt mMogmmm oxid* which i s 
chACACtcriMd Jay i t s aoitosss and low ap. gr . Fscmor (1909) 
hdd U r s t reported wiid £ro« Nysor* (K«ciiat«k«)« fi«n (1951) 
CrcB KeonjhAT, orisMi« ttod R«Miul« S.H. (19lk4) ttcm fiiavr*jpur« 
p«nchn«lMil« d i s t r i c t , Ghtjsrat. 
Generally wed wee iound in powdery form, perhaps because it 
is easily weathered with the greater absorption of moisture. 
4. J*y9*?fiVf <*«n, Fe)30^ 
Jacobsite is a oMnganese-iron oxide. Some good specimens 
ot jacobsite were collected from the pockets in Oarbham, sadananda-
puram and also in oarividi mines. 
Jacobsite ore is generally medium to coaree grained* having 
shining crystals. Colouri dark steel grey« hardnessi 6« streaki 
coiHee coloured, ap. gr.t medium, lusturei metallic, fairly 
magnetic. 
At Pallapgudi (Oarbham) and Avagudem (Chipurupalli) quarries 
ferruginous laterite occurs as thin campings which sometimes show 
cavernous and honeycomb like structure. The laterites are hard 
and appear reddish-brotm in colour. 
6. aSbSSL 
ochre i s a lso found in Ouwam, Oarividi (P i .3 , Fig. l ) . in 
the pallapgudi quarry, i t occurs in association with mixture of 
3S 
h«ai*tit«« iiawQlttt «nd c lay. Coiourt yallowiah kMcowt, hardiMSSi 
0.5 - 1.5 
Petrography 
The nenganeae oraa oi OarXvidi« OarMtan and Chlpurupoilla ara 
found aaaociatad with cartain variatiaa ot calcaraoua* argilla-
caoua and aranacaoua rocka. tliay ara as followsi 
i. CjyfVtl,tJ^nf •iq«ni UffiftV9im 
Ihat cryataliina algal linaatonaa collactad fron Koduru 
quarry ara coaraa grained with an equigranuliu: texture. Mineralo-
gically« it ia ccnpoaed ot calcite (ahowirm polyaynthetic twinning) 
dolomite (ahowing jpolyaynthetic twinning but the lanallae are 
thick) (Pl.7« Fig. 1), pieooKUiite, orthoclaae* acapolite, leucite 
in addition to quarts* aphcne and aone opatjLue ore nineraia* aa 
acceaaoriea. 
Itm lineatone ia partly dolonitiaed with the addition of 
•Migneaium carbonate. XdioMorphic cryatala o£ quarts are occaaio-
nally found replacing the carbonate Minerals (P1.7« Fig.2). 
The iif>ortant feature of the rock is the presence of 
algal bodies of doubtful origin in all the thin sections of the 
rocks, one of the edges of the algal body ttaowa cylindrical 
outline facing the arrow formed of calcite (Pl.«, Fig.2). lUis 
fil«tnentus body has got distinct cellular outline and auture 
(P1.6, Fig.3). l-hua it ia not a mineral* as it looks like the 
structure of an algal body (Harowits at al.« 1971) belonying to 
3« 
prceanbrXan «ig» (Fig, 4 ) . Thm rook 4^pi)tt«rs to 1M a JLoMNigr*d« 
Bwtaaocphic product oft « e«lc«r«oiui tmdXmmm, 
Ttw c«lc<-gr«MAuIlt«» tmm coliactad fttam Wmecos HiII« u«v«cu 
HX11# PmsoMLdim quarry (0«riiridX) AOA on* tram th* c«ntr«l OartahMii 
qiMurry. 
Th» rocks itro •qulQrMiuiiur* OMidiim graXnod idth • gr«no* 
bl««t lc toJituro. TMy «r« cGii9>o(Md of ad^H^l^i^*' dlopaldo« 
ioXOapMT* (potASh luxi •odic)# pyroiCMi(is« horiitoI«fKi«, qiMcts, 
0*riyit.« CAlcito^ tioii«stonlt« mnA «p«tXt«, itMi A^ossory 
AliMrais 4ir« piociMMj^t*, oplctoto^ s lrcoo, nicrocilntt «ixl pI«gioGL 
Wiu*rts shows wsvy sixi unluloss sxtinctlonf orthoclass uhlch 
shows cAjTIsbsd twinning sca»tlaw!S occur «s pocphyrobl^sts. 
Tlw do«iln*tln«i MlnsrsXs In ths rock srs scspoLlts* Alksll 
i s iapsr snd qu«rts. Osmet i s scoswhst frsctursd sncl the crystal 
bouwJTlss srs o«:sslon*IIy rsplscsd by quarts (PI.7, F lq .4 ) . 
occss lons l ly thsrs srs Inclusions oi. Msngsnsss orss In carthoclsss 
snd quarts In which thsy aiK>sar as mi l t l -csntral rspL«cs«iBnt 
toodlss (Pi. b, r i g . 1 ) . 
3. 9»yni^rtJi»4ftfiAVf-lftigtVMift Wfifff iWumft^ U f^> 
This rock I s msdluM to coarss gralnsd« and cons i s t s at ortho» 
c l a s s tel^par as ths doailnatlng nlnsral , with s l l l lmanl t s , a 
U t t l s ot graphite« quarts and garnet, ihey are esUisdded in a 
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yroundMMMS ot. Misaiv* ai«iig«n»«# or*. r^ Ii^ pMrs «ix& g*rn«ts 
iiitv« rounted u> •uiB->rottnd«l «nA •IXlptical outLl»*s. ih* round-
iMiMi o^ the two MiiMirals miiy hm due to ttmix long«r transportation 
froM ttw source tmrn or thoir deposition in • n««r shoro-sono 
«lMr« to and fro notion by w«v« action rounded the «inor*l». 
Oarnet occurs in aubadral focM as well as elliptical, 
sntiedral or broken* fragments. 
In the rock collected from Udikineta and Central oarbhan 
(PI. 90 figs. 1«2) fragmented, sjf>arp*-edged and angular form of 
feldspar, quarts and garnet indicate some brecciation of tbe 
rook idiifill may be due to tbe effect of cataclastic met«morp»amn 
to a limited extent. 
some small pockets of green and red shales recorded for the 
first time by the author from ciarividi. The shales consist of 
micaceous minerals with some minute angular quarts grains and 
opaque minerals, arranged in different regularly defined lithic 
planes, ihe lighter bands of finegrained quarts alternate with 
bands of micaceous minerals, occasionally the shale appears as 
phyllite with Ute increase of micaceous minerals. 
S. Qarnstiferous gneiss 
The garnetiferous gneiss, collected from East Oartaham 
quarries, occurs in the form of lenses enclosed in fela^pathic 
quartttite. It is ooo^ posed largely of gan:i»t, with subordinate 
18 
WROunts oi octhixlAMif pI«Oi<ieiMNi* iiderocIi.iMi« <AU«rts« chloritoid 
«nd sen* 0|>«iU« or« ninttrals (PI« 10# Fig . 2) • Thmcm «r« ciu«t«r« 
oi tltm fOpoXm^llk* inclusion* of a^Uml in orttMJClaM with 
psmfixwA ori«nt*tion o£ ttw grains mloag thm c i ssvsg* dirsct ion 
of ttos iilMur*!. cnior i to id i s characterised by ths prmwmnc* of 
strain s l i p cisavsgs (f>i. lo# ' i 9 * !>)• 
Ths fsldspAthic qusrtsitSf co i l se tsd from Ssst OsrialMMi 
qusrriss wnd iron Udikinst** i s M«aiun»grsinsd, Xt occurs in ths 
form of i sns s s smi pocksts within Uis Msngsnsss orss «nd also in 
c«lc«griinulits. I t i s cos^po**^ o^ quarts, fsldiqpar (nicroclins 
and plagioolass) and pyrojmns. PyroJitns shows al tsrat lon into 
uraLits (t>i, 10» r i g , 3 ) , orthocLass i s occasionally associatsd 
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occwMBNcs cr MAMMoagaE owes 
<•) 9fff.tYJ>4A Wlifttff 
0«rlvidi aa.n» i « OMMA mttmr UM 0«rividi v i l l a g a , aituAtad 
ttt I« t . 18^17* • » ! long. 63^32* # tlM quarcXas «r« aituatad about 
800 m mm oC Uila v l l l a g a , Ttia Main quarry l a about 24S » x 92 
aq. m and tha raportad maxjiai dapth l a about 9 m, Zt l a nov 
coa«>iataly f l l l a d Mdlth watar. Tba block l a dlvldaa into f lva 
groupa and daalgnatad aa Oarlvldl, Koduru« Ouwam« Naw uavada 
and sataandapuraau 
(l») 
Zt la alao niwart aitar tha vlllaga oarbham, altuatad at lat. 
16^ 21.*, long, 83^28'• Tba nanganaaa ora «aa flrat raportad and 
KLnad in tba country from thla araa. Ilia quarrlaa ara ai»n»ad ovar 
an araa ot about 80 •q.kM. ^ba aaln quarry la abandonad and 
vatwrloggad, but It la tha oldaat and tha daapaat manganaaa quarry 
In Zndla (f>1.4« Flg,2), 'Tha £aat«*coaat trandlrm manganaaa body 
hava 840 m atrlka langth and axtandad i«aatiiard. 
Thara ara two nanganaaa balta« Kottakarra-Oartahan bait In 




This ! • iMMMd *it«r ttm ralinAjr • t«t ion Chipunipali* and 
•itu«t«d *t I« t . 16^18*, long. 69^S** ttmrm i s a I«rg« niMbftr 
oi taig Mod M M I I d^ pcMnLt* •nd aost o£ the qiMurrl** «r« abandonMl. 
Only th« two quarris* that «r* in worJiing atat*, ocwar an araa 
o£ about 22S a^.m. tha trand oi iocmation i a MM to aS, 
Tha toiggaat quarry in Uiia block i a Naruti« i t a diaanalon i a 
So « X 2S n X 10 ai. Vam block i a dividad into a ix quarriaa and 
daaignatad aa Batuva^ A^ raqudaw» Karlam, Qovindapuran, Fandana-
dapalla and Palavalaaa. 
Moda oi occurranca including aisa« 
ahap* Md atructuraa of tlia oca 
bodiaa 
By and lacga tha manganaaa oraa occur aaaociatad Mainly 
with c*lc*granulita and granita-ignaiaa, aueh aa at Koduru, Kond«-> 
palam and 8adanandapuram« ttea aMMigaaaaa cxm i a aa«ociatad %fith 
ealo->granulita. Ttia Kodbtfu manganaaa ora kwive M M I I I pockat of 
cryatal l ina algal li»aatona at Oarividi naar Vibtau Soda Factory 
witn Uia aaaociation ot graan ahala. In IKMabi p i t ora body hava 
lanaaa oi rad ahala. 
At Oartabaoif ora body i a icund i n aaaociation tdth quartaita 
(ialapathic and garnatiiaroua) particularly in Kaat amttiium growq;> 
oi quarriaa. Ttw Oarbbam Main quarry at arinivaaa ahowa %iaatharad 
calo-gr^knulita, quartaoial«|>athic rocka undarlying quartaita. A 












WEATHERED CALC GRANULITE WITH SILT 8 LIMONITE 
SKETCH DEPICTING THE MAIN STRUCTURE OF THE ORE BODY AT 
SADANANDAPURAM , GARIVIDI, SKLM DIST (A. P) 
F N SIDOIOUIE 
4J 
NDEX 
» • / » ! MANGANESE-ORE | Kx{ | JOINT 
Fig 10 SKETCH OF A JOINT FORMED BY BOTH VERTICAL 
a OBLIQUE JOINTS IN THE QUARRY FACE AT 
DHOBI PIT, GARIVIDI, SKLM DIST, (A P) 
(riu«j:t«lt« A«a»ocJL«tlon C alc«gr<u3ullt« A«aocl«tlon 
1 , Str*t« bounds co£old«l 
wlUi M i l <j»tUimsk 
c o n t a c t s , 
2 . Hard anci Lumpy In g^n^rAl. 
3 , 0«nr« l iy ot lo«# 9r«cUi« 
L8-28 fc«x c « n t . 
4 , Conalsta of iMnganaa* 
• l l l i c a t a and garnata with 
amall iBmnxi oi ataal g r * / mnd 
tlfMK-9xr«lrt«o matajETiai.. 
5 , tha width ana thlcfcnaaa 
ot ora »on« l a 9anaraLLy 
ilXar. 
Yhara ara a ttm pocKata oi 
garnat granuilta^ Lltho-
•arga chast* and Iliaonlta. 
1. Strata bound, cofoldad %ilth 
dl£tuiM<ltcontacta, 
2. Moatly powdary %flth occaalonal 
lumpy oca. 
3. Hlghar In No contant. Oanarally 
30-32 per cant Mn viith pockata 
og high grada Matarlal, 
4. Cortalata o£ inoatly pyrolualta 
pallomelttna, iaraunlta and 
jacobalta Mlth amall aaounta 
ol garnat and manganaaa 
alllcata, 
5. Iha width and thlcknaaa of 
ora sona la graatar. 
4, XntliMtaly aaaoclatad with 
pocKata and band a ot. garnat-
granullte IlthoiM»rg«« chart 
and Uaonlta. 
7. C oaraa quartao£aI%>athlc rock 
la Invariably praaant at tha 
foot-wall alda and batwaan tha 
undarlylng rock ana manganaaa 
ora. 
4ft 
l4ter itJc Mitttri.*! timmiidmm wmagiknmmm ore* ^nd ccmtain <r«gnttnts 
o£ quarts max r«o lotuay iiMt«rlal rich In iron ckXld«« oi VArioua 
shapes «na a i sas . 
In Uw Kast Oarbham giroup oi quarrlaa« the oraa alao hava 
asaociatt<m ot yarnat gnalsa and calc-granuli ta , 
TtMi Chipurupalla manyaneaa ore l a aaaocXatad vtith quartaita« 
weaUMirea c««ic<-yranullte ana ia ter l ta (perfectly in torm oi 
honaycoab) thia ahape ot, laterXte aULght kMv«; i»mma davalqpad due 
to c)iaauLc«&I %iaatharing, 
Ho%«avar« Ute geoIogicaL aaaocl<»tio(t In alL the three areaa 
l a not clear owlny to the highly weathered nature o£ rocka. The 
highly %ieathered iormatlon conaiata ct higtt proportion o£ t^^>ar 
(ooK^letely or partly kaoliniaed) and quarts. QTheae rocka eJAiibit 
r e l i c t banding ana occaaional preaence o£ calc«granulite bouldera, 
llM aiae oi the working quarriea snore or leaa r e i l e c t the 
aise o i ejqpoaed ore bodiea. In the present day working s« the 
largest ore bodies encountered in Saibaba and SadanandapuraM 
(•lain p i t ) are 200 x 60 x 29 » and 100 x 80 x 20 « respectively, 
Frcn the iniormation available iron bore-hole data in the Koduni 
quarry^ the manganese ore i a known to pers i s t up to a depth of 
ft7.97 m aa bands oi Mn ore, interbedded with c lay , and chert . 
The inain ore body which occur in the iorm oi lode oiten 
bi iurcates (Fig. 9 ) . £>ometi«ws i t i s lenticular in shape and 
occurs in pockets. Occasionally the ores occur aa the inter* 
calat ions in the calc-granulites i^tmreas the nain ore bodies 
ttlternat« with th« host rock • • c i i s t l i^t bttixla, And in 
pl^kGmm alternate tending ot or«» and host rocKs a lso praaant. 
Various typa o£ ioldc and taulta a l so racordad in ora 
ixidiaa auch aa an ant ic l inal plunga in ora tioAy at tha bordar 
oi main p i t and road aita p i t at Sadanand4^uran ( f i g . 9 ) . ^Iwra 
i a a radial t/pa oi £ault at the contact of ore body and calc* 
granulite in i>hobi p i t (Fig. 7) and Figure 10 i l luatratea a 
•eriea oi anall jo ints in the nanganiterua rocks of l%obi p i t 
at oarividi area. 
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AUTHOR WORKING ON A. A , S . { PERKIN ELMER - 5000) 
CLOSEUP OF A.A.S 
Ch«i|>t»r V 
Qis.U^HJtJUJ»Hy MOi DZtflRXlRnXOM OT MAJOR A^ D 
M«ny«an«««* <ic^« not occur i n •lemantad s t ^ t c In nature. 
CoApounus OS mms*^iU)»mk 0X«« however # known s ince ttte- ancient 
t.i»mm (tf«hn (1774) «xu:<»ct.«xt tor the t i i s t tijne iii«t«illic manyik-
n«Mi by the r«ducticn o t n«ny«n«0tt oxicitt with c«rlx>n, A pur* 
•4n^l« w«9* however« oi»t«iin«J by John (1607) . 1T<e n«dni« or tlve 
nttttttl i s cMtrivsu from the U«tin word m4Miy«ntts , irte^ning magnet. 
In the p4sj.iodic ch«art« suMrmansss i s prsssnted nsxt to Ute F«-
Co»Ki tr i s t i and iaslonys t o suk>-^roup V i L B o£ the perio<:iic t«b le , 
lechnstivm (tocvksriy cailerd masuriunt) ana phsniufft* the tm^ rare 
ronalniny elemtrnte ot trtis ^ o u p were Oittcxtvereo oy NoUdack in 
I92S. lh€! mettel's atonic weight i s S4.9:> ana the atcnic nuntier 
25. I t s ne l t i i t^ t>oi-h^ i-* l « 2 6 0 ^ and Kioilii.9 point I « 9 0 0 ^ . 
Mon^anese i s i.«l«*te<i tc i ron in i t s ctMtticul prcp&rtifes ana 
i s a «MWti3«r or the iron tast i ly (Ooldsclrmidt« 1929) , cr U<c 
i«Ci.i(les (banoer^ren* 1 9 4 J ) . t<esi«blance or ir*ansjiaricse with 
hslo<^ns wtiicn c o n s t i t u t e sul>-yroup VXI«A o i th« per ioa ic tab le 
i « l i n i t e d to t h e i r hsptoxicies (Mn^^ ana C l ^ ^ ) ana ^j«racids, 
psmsnganic a c i d , and perdTkloric ac id , per manyanates, are 
analogous t o perchlorates ( e«^ . , l u : i o . ) . 
48 
49 
i s GoncttnUTtft-tia i n tit^ « i i i c « t * ph«i«e ot the iD«te&rite£ i*nu 
i n iiUm^E^ere, In thct %3^iMc IitJio«fi^«re KAn^^ness i » cin oxy{?hil€: 
elctnerit. I t h*M aoir.e chalcophi l* tendency. ^iUi i;i^ i.er«nc<^ to 
i t e teirrestri i i l occwicr«nc«t iik«ngi*nttM» «&i£%^  po&fiei»s«b «* a i s t i f t c t 
b ioph i i e tendency (OoXdect^Aitiit* iHwl?). 
M«ny*nese i n iiinei:*! etrvicture occurs in thre>€^  ox iuat lon 
s t«tee« n4Mneiy « • tti*v*l.ent« tri<->vaient end quta^l-veilent {x>eitive 
i o n * , i n igneous rocXs# mentfaneMi ueuiilly occurs «e Mn. i ons 
idecAuee o i Um low r«te o i redox potextti*! o i n*tuc«I s i l i c^ i tee 
m e l t s . (Merely tri->v*ient manganese a l s o occurs in i ^ e o u s cocks, 
i n sedlRvent Mid sedi»«ntcu:y rocks qusdri«>v««lent inctny«nese i t tne 
doffiin«itiit4 i o n i . 
lweiity»iiv«t c«pceMtnt<»tive s«i^>les o i OMngian^se ores c o l l e c t e d 
lircsk Oarividi (I<»), <imxtitnm (*) ja«a Chijpurupalle (3) were subjected 
to chORiCttl anaiytbitt! tot: Uie determination o t theix major o x l u e s , 
iMM e^ly SiO^, ^^^» ^lOj* MOO# ^^J>i» * ^ # *'2°5* ^'^' ^^* ' '*2^' 
K ^ mna H^ O . 
Ihe r e s u l t s o t the chemical analyses arc presented i n lakkles 
IV t o Xll , and discus&ed en tl^ *e tullo%d.nv) l i n e e t 
1 . dtates>ent regardin^g the abunuaruce and d i s t r i b u t i o n trenus in 
e«»ch ot the major cxioes^ in tii«: mangianese o r e s o i Gaxiv id i , 
<iariah«m and Chipurupalle. 
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m«kny«ne«e o r e s o i &«rv4<ii.« <i«rW»fiii^  onci ChipiwupciXli mines 
pc&««nt«a In thc: atMiitt orciier «»• the loc^itioi^s o i the t^tc de|x>si.t» 
iit.«tfto b«r«iri . 
Ihe 4^u«kntii<»tive v»r ia t ion tr«ncs o i s i l i c a in th« mmtg^atetf 
ow rafi9«s irom 26.71 t o 37.eSi 2S.M» t c ^O.S6 <«na 29.S:» t c 
4d«39 ^ 1 o«nt res|^ttct4.v«ly. 
irt« histcyr«in (Fi^, 11^) r«r]^r««ents ic«i.^u«4icy p#r c«nt Oi s t r i ' 
t»uU.ct4« atK>wiri^  unintoduii iwturc o i SiO^ i n t r * mmnqmiatmt ones , 
i^htt oiiixin* i c Mt 27 t o 31 per cfent d t t s e . The t / p i c a l mcxie ct 
jatiO^ ^*^^* iMt«een 2» *na 31 p«c c e n t . 
Ihe 4u«nt i t* t iv« v^r ia t i cn trend ot adURr4n«t i i . u ^ tri<»rig«iri«£«€ 
or«-« oft tfyt9e thre« l o c A l i t i e s r«inf|«s iroat S.2li t o II .&6, 7.4I> 
to 12,2S And 6.61 to 10.43 per ce-nt r c i ^ j e c t i v d / . iaonetin-.t'c, 
•lumin* i * iound i n e»tiirable (quantity (Krishna A.«o# J . i ? . ^ . , 
'^ htit t i istoyriA (Fig . ILB) rei.re8enttt ire^uency pet cent a i s t r l ' 
outioii* shotKir.y uniJnod«il n«ture o i **^^^» '*^^^* tn«ixliR<^  i s « t *^  to 
11 per cent c l a s s . Ihe t / p i c o l aiode o i ^^^^3 li««* otttviutx 9 and 
11 per c e n t . 
l))e quantitative^ vax i s t i on trertas o i " 1^02 ^^ ^ the manganese 
52 
uitfe Ltntji^it, xtoff 0 .26 to 2 , 7 1 , 0 ,01 t-o 0 ,67 «ii^ C,4l tt ^,D'J 
'iUm in«*xijr.ci ift at. o ,S t c I . o i^ ^^ i. c i n t ci«»s& uiiu u>( t/^xc«^i p\i.%j.e it 
^10 «»l6C l l t B toet%*e^ri 0 , 5 «*iiiJ 1.0 i-tr c e n t , /<:cc!iuir«j tc 
Kxiithim <i€»C! (1959) ae.dll «ffiourits ct titoiiiufn n^ifMra iiv tin S4? c r t s 
utt.- ccriCi:ritir<*tecii In BijRi^ pl«ic«rs proo«bIy au^e tc ledChli/^ dCticii. 
the miMi^^iMi&m: oi.«-S &«ury<ee trcja^ 2I^ .4<» t c 34.4&, <i£-y.46 t o j4 .66 
w(ja 26.;i6 to 30.43 ynf ce>ni t:c!sp«ctlv&ly. 
'ir*« lii.»to^ccMT) Hi^, liii) ti<«t jc«f{.i.'< sencs tre^uericy j^ ^^ i. cent 
(UstrloutjLc'it 4riCU.c (itt<et» oijiiouoi ti«»tiu-t^  ok "UJO i n Uie ntitfKiarie&ie o i e s , 
lh« ii««ftXl»«t Xa «*t 27 t c 31 |><^ t Ct^ nt clubb oiiu t /^ icoi . «>cx.€; < t ';i)C> 
o leo l i i i> In tne e«an«; clafc^. 
y y f ^ y 9^n (i^^^^^) 
Ihe (..uontitotivt v<ui.l«tti.(. (• tcerius c t Fe^O- li- trie m^t^AtkefM.-
ote» r^nytrs trctr^ 2,03 to i,9&« 2.20 t c 3.90 <^ i.>i 2.11 tt j».7o 
j,*?i. cent tt^t^^ctiv©!/, 
Ihfe hist09r4air« (Fl . j . I2>0 repci&ents £re<;4.uerx:y per cent 
ai ,»txibution stiowirk^ ii uniiRou«tl negative 1/ akewad i)«itux« c t 
i « ^ ^ , 'ihts tn&xinit i s at. i , 4 t o 4 ,0 p '^t cc^nt clusft cUKt ty|>ic«tL 
ffioae «l£o l i t e in i9et%«e^ ii thcc se^ i«i> cl<iti»i$. 
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'in« quwtt l tAt ive vaulutlofi txttfiia oi: *«0 In ttte ttmtk^mti^Mm oc«s 
t«if)gfe« trom 12.64 t o I6.S6» i3,&6 t o IS.4S ^na 12.71 t o U.9fe |^ «ir 
c«rit c capt i c t lve i / . 
llMt hl«togr«Mn ( F l j . 120) r«prtritehts ice^^uenc/ pei c«-nt uii»> 
trll»uti.on« Bhowitiy uninoUttl n4*tut« oi. F^O. '^ ln«» in«xi»u i s «*t 14 tc 
16 i>(sr cent cl«ii>b «ina typXCttI »oac «iI«o l i t i s i n U^B Saiite cl<ia»td. 
PtWftfT^gffttff gf^nigJ^^ ^^2^S^ 
Ihe qi.,arititatlve Viu;.i*tio)^ trc^na ol; "^2^ 5 ^" "^^ CMfur^ «im:H« ores 
ranges tron 2.77 to 7.76« )i.7S t c 7 . sa «na 3 . 7 i t c S.S7 ^^ i^ cent 
r«i!Sp«ctivsly. 
Itite r4.fttos}C<i*n (F l3 . liC') i:«|.i:es«nts ir«(iuency pec cent 
<:iit»triiaution# showif^ uniiricacil p o s i t i v e nature: ot ^j^h' '^^ msxiM* 
i s «t 3 t c 5 per Cfent cl«ifas. 'ihtf t yp i c« l noas ot ^2^& '^^  cilsc l i f s 
la«tiftt«n 3 t o 5 pec c e n t . 
1h« vtu«ntitative vctritttlon trena or Mgo i n Ute nmn^iumam oces 
r«nyi«S frosi O.^u t o 4.4S», 0 .03 t c 1.33 Mid 0 .33 t o 2.49 per c«nt 
r«st»«ctively. 
1hi» rastogrMn (Fig . 12i>) represer^ts rre^ueticy | tsr ct^nt o i s t r i * 
tMtion* stiUMii^ v^  uninoa*! p o s i t i v e l y akeiMj n<*tut-c> ct Mgo. '^ he 
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'ikMt (iu«ntit*tjlv« v«u;i«ticwi tr«nae of c«Ici.uRt o3ti.<im in Ui« 
n«M^an*«« ores r«ny&s from 1.02 to 2.ao, 1.03 tc* 2.o7 ana 1.06 
to l . f S per c«nt {'••pectiv«Iy« 
TtuB iasto9£««> (r i4 . 13A) rtgHTiMwnts £r«t«u«iic/ p«c cent axs . 
tcii>utXo^« sh&wing imliRoa«>I n«itur* ot C<ao. "l^ te RutXim* i s at L.S 
to 2.0 p*it emit cl^t>», lh« typlc*! mme ll<^« l^etMven I.S to 2.0 
ptir cent. AGCoirair«y to ICcXalma R«o (I9S9} colclum i s UtB 
*buiia«tf)t th*n iMigin»«lu» or ^LuBdnluRi in Vm ores . 
'itm («u*oti.t«tJ.v« v«ii:l«tjLon trt^nds ot M^ ijO In the RMui^ AnciSc 
or«» ranges irom 1.0& to X.64« l ,2 f to 2.19 ana l . o i to 1.13 
p«r cent r«itp»ctxir«ly. 
Ihe hi.stoy[r«iii (Fi^. 13B) r«^retf«nt» f««{i<t*ney pec c<f^ nt oil»t£l< 
lMAtion« &^%uXn|| unimoa*! nature ot N*^. '^ he iit«ixiiiMi i s «t l ,S to 
2*0 p*r cent ci«&s« tiad ttne typical mcdm Alac l i e s ostwe^n iMime 
c i««s . 
'ihe qMantJtatlve v«£i«ttic>fi t£«iia&> ot K^ O ii. th& m<»ny«a*e»c cr«ss 
ranges trcn 0.46 to 4 .43 , 1.01 t c 3.4S ono 1.60 to 3.45 tec cent 
i;e«|H8!Ctively. 
Ihe hiatoyrdffi (Fi^. 13C) r«pr«aents trec^uenc/ {ec cent a i s -
tribution* mitovLuii uniinoci«l pos i t ive ly sfcswea natvuft oi K G . 'ihe 
m»MAJ»i* «na typical Rtoos l i e b«twe«n 1 to 2 per cc^ nt cl&t», 
57 
. • 
1h« qu«nt4.t«fktj.ve VM^XA^OCI txena« o£ H-O in tJtm iti4Uiy*n«ae 
ox«r» jTMigcrs ttvu* O.SO t o l ,40« 0 .9? t o 1.60 itrtd 0 .90 t c L.IO 
(.«.'£ cteffit r^^K'Ccti.vttly. 
'ih« histogrdin ( f i g . I3l>) rcpreaents £r«(tuenc/ pct ct^nt 
oistri«>uti.c>o# anoulng fed»oa«»i n«t.ur* oC H.O • 
An 4itt«ni>t has lM»«ri mKa* t o d«tefmit.« the geochcmlccil 
celfltticnalUp ot MnO «nd •'•^O^ ( « • toc«il iron) witii a l l oUivc. 
aiMjor oJCi<S*s Irt o«iiriiri<U« Q«Ktoh<aa\ <«na Chijt>urup*Il« Rt4inyan««« or«s . 
Ihc «kt>una«aic« ot « I l auijcx o x i a e s «£• p i o t t « a i n a i v l o u ^ l l y 4igi«in«t 
tlri«f AAnyan*** oxicie «knd icon oxldc content • • 
Qeniir«Ily th« tMut^mtm^m ore have higher concentret ion ot 
s i i l c * . Mn ehows strongly a n t i p e t h e t i c r e l e t i o n s h i p with e l l i c a 
( f i g . I4A). 
A strong negative re la t ionsh ip o i "'•2^3 ^^^' ^^^2' '^ '^^ ^^^* 
the increase o i i's^O^ tvitii corr«spc<ndii»g decrease i n tiix^ contents 
«nu v i c e 
i t « t h e r e i o r e , %>pe«i:s t^iat s i l i c a i s net re la ted wiui Mno 
and Fe^O^. 'Ihis negative r e l a t i o n s h i p o i s i l i c « witft manganese 
caio ijc&n oxide proi»ahi/ i n u i c a t e s Uiat manganese ana iron are the 
s u b s t i t u t e s ot s i l i c a ^ the var iao le lo« ana high coricentration ot 
s i l i c t t i n mang«»nese o r e s i s Uis evident o i t h i s , 
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<Su« t o th» •ItMratlon of wengaw— b««iriiig «ln*r«is toy • l l l c « t « 
AinorAls. 
filiic* • • • • • to hm tmlmtMd vitto n o , * ^2^ ""^ ^2^i ^ ^»^^-
cat«a toy th« syapAttetifi r«l*tleiiahip oC « l l l c « with thmam oxld«» 
(r ig . aoB«C ftm D) . ahl« poaltiv* c«i*tioo«hip of a l l i c * with TiOj 
•nd PJO^ i s poMiitoly du« to ttw pnwmco of (Kmm aphmi* and 
pot««h foX«p*r i n tha or« toodias. « i l i c « ahows « nagativ* c«l«tioa» 
•hip with Al^Oj (r ig . aoA). This aagativa rtolationahip indic«t«s 
r«pl«cwMmt of • i l i c a toy •Itinin*, toacau— of thtoir cloaor a i a i l * -
• ** • 
r i t i « « in ionic radi i (fii^ « 0^42 K ^^3 " 0 .51 ) . 
Tho ralaUonship of aliMina with tooth Mno and f^gO^ i a 
ins ignif icant (Pig. I4B and Pig. 17to). Thsra i a an incraass of 
aXuBiina with corraiiioiiding dacraaaa of itao and '•2^3 contants 
and vica varsa. 
Zt tharafora, appoars that A l ^ j i s not raiatad with MnO and 
P a ^ j . Pig. 20£ shows insignif icant calationship of AijO^ with K^ O 
possitoly dua to tha pcasanca of c iay a inarais . 
Tha caI«Uonship of TiOj «<lth tooth Nno and ^•Ji^ i * nagativa 
(JTigs. X4C and I X ) . TiOj incraasas with Morraspcoding dacraaaa 
of Mno and ' s ^ j *od vica varsa. Ti02 "tsy tharaf oca toa not 
calatad to Nno and 'a^o^. 
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Fig. 17 Relationship of Fe 2O3 (as to ta l iron ) wit h 
S i02 'A I2O3. T f02 ' MnO, P^OoiCaO, MgO, 
Na20 ; K2O, H20^ IN GARlViD! ( • ),GARBHAM (^ ^ 
A.ND CHiPURUPALLE ( * ),MANGAN£SE ORES. 
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F i g . 18 (CONTO.) 
cfiocttnUTAtion ot iron anA dioif po«itiv« mi«UoMhip mtto Nno 
(Fig. 140). Moraovar* iron incy—— with ijuexmmm of aftng 
»JO. i» high in tUs nangaBOWi octts MA Miowa iiHiignilicin, 
MlAUonahip mtto lx»tli NaO ana '^^^ (Fig* iiA aoA Fig. ISA). 
ftiMNi i« an iiicr««M of F^o^ vith ttonnMpoadiiig iiioc««M of NRO 
«nA Fa^^. 
(C«o) 
Caiciun stioiM sligfaUr peaitiv* vaXationaiiip with Moo (Fig, 
i i«) knit •troogiy MigaUva with Fa^^ (Fig. UB). It tharaioca 
i^aara that ealciiai ia nat ao wwh valatad to iron aa to 
(Mg») 
NgO ahowa aUghiy peaitiva calatianahip m t h Nao (Fig. li C) 
aaA atrongly poaitiva with ^^J^^ (Fig. !• C ) . Thmra ia an incraaaa 
o< NgO with corraapondiag ineraaaa of Fa^O^ and Moo and vica varaa. 
NgO ia raiatad with tooth aaagaaaaa and iron* 
(Na^) 
aoda ahowa poaitiva valationahlp with tooth Nno and Fa o. 
(Fig. ISO and lt£>)« and thara k* an ineraaaa oi Na^o wlch eorraa. 
ponding ineraaaa of NaO and Fa JOJ. Zt, thacatoca, apiiaara that 
Na^O iM raiatad with Nno and ^•J^^* 
6S 
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9iji shoMi inlgnHiCJMBt r«i«tJlofialilp iHtto both Nno ana ^•Ji^ 
oi Mao And ir«;^}. 
M*t«s: ahoim positiirtt c«i«U.wuttilp witti both Mao and ^•Ji^ 
( f i g . MA aats F ig , I f l ) . M«t«r iaevtaaaa if 1th corctti^ondXng 
lacs—m oi Mao Mad F^^^ or v ie * 
mMBSSiSmmJBuBBKBEBBk 
Tte MMayticAl data o< t t i * trae» • iMwata , vXs.« Co, Cr« Cu« 
Ui# ML# »l» and &n w « pcaaantad i n tatoias X» xx aaH XXJ. in 
aaacLy «Li tha aanpiaa Uia vaLuaa ava atat lat lcalLy daftactaDia 
a a o ^ t Cor Pto i n taw aanpiaa o< Oacivldi aad Co in faw aanpiaa 
o< ChlpuKHpaiia valuaa ara toalow tha dataetion l i n i t a oC tha 
apactroiMtar. 
(Co) 
Cotoait ia a aidarophila alanant aad nanbag ot tha iron f anily. 
It haa ^utii affinity ior oJwan. CohaXt ia Xaaa aidarophila and 
thia ia prolMkhly tha raaaon for ita ninttta occiarranca with aaaganaaa 
oraa, OaochanXcalXy cobaXt Xa cloaaly ralatad to aXafcal. Cobalt 
oontaata Xn OarXvXdX aanganaaa oraa rangaa frcn 70 to %20 pgm, Xn 
100 
i M Pli i 
^ ^ ^ m B h ^ n 
1 i i i i 












9n ^^ •'•* 
y. ^ ii 
k p k 
ti >'i '•" 
i Slili i^ ^ % m '-^. 
« ';y r^^ ';.-^  ^ 















' • ' 
fyS 
• ^ -
k i i 
' ^ V ' ' 
^i •^, 
^ 
•--. h i 
21 H 
T P. A V 
MA 'O ''A '""1 C b V. -J rS 'T '•- . V, 'v N • w I 
.pALLE 
69 
d^Ktitum i t rAnyes §tc4a X40 to 360 ppn «Mna in Chipurv^^^ile only 
on« »H5^ie «tioi*s I ^ ppin taxi ii . Uitt rcmaininy on«» i t i * Ottlow 
Uie cMttecticii l i init O £ A . A . S . 
tttm re lat ive di«tributioi^ oc ooo«It in Ga^iviOi* a«arlahtfm «na 
Ckiis»urui»«IIe iMingAiMiM; or«s i « (>r«««nt«d in Fig. 21. Accotaing 
t c Krialuite U9&9) during th« pcoct>»s of «]Ltor*tioi« coi»«»lt and 
nickel «rtt Iitec«t«<ji toOAing coiIoid«l hydx^oxid* which «iight h«ve 
lMi«n depositco in nanganitoc-ous oxid«u»s. 
iCc) 
Chrcadum h«* cloas r«i«tioii«rULp «iith i t s neigtioouca which 
MTO «Muig«n«Mi «nd iron. 
'ihe chccniur. in Garividi auuigtawiM! oemm rangcn iron & to 9S4 
plMi^ im o«roh«wi i t ranges iron 33 to 9iM ppn and in ChipurupAlIa 
i t variaa ircn 161 to 716 pp*. iha re lat ive dietritoution ot 
cot»alt in Oariviuif Oarfihaoi ano Chipiurii^ialle iMny«n«»ee ore* i s 
presented i n f i g . 21. 
(Ctt) 
Copper is a strong chalcophile eleoient ano itainly occurs in 
sulphiae state. However« snail anountsoi cofi^r have also been 
reported £ro«i carbonate anu silicate phases. 
Cc^ p«ir content in Oarividi manganese ores varies troin 40 to 
340 ppn in Oarbhan it ranges iron llo to 440 ppm, where«s in 
C^iipurupalle it ranges Cron loO to 200 ppm. 
the relative distribution oi cc^per in the Oarivicii^  Oarbham 
70 
AiKi ChlpurupAlL* Mmg*ne«« cfB IB pr««»nt«<i in Fig, 21. hecxxd-
Xng to lUriafem* ^•o (I9ft9) preawnc* of copper in th«M of iMy be 
au» to aiwoirption ot these elepente toy the ore. ihe source of 
coppfer luiy tie treced to'oxmiete MriliMHit' rich in n«ng«neee. 
UAtAl i i l ( b i ) 
itithiun i s en e lke l i net«i end etronyly l i thophi le in i t s 
geochenic*! cherecter end in ineny r e i | « c t e i t follows inegneeiwei 
enti iron. 
Ihe l i thiun contents in Oerividi Miogenese oree ranges irosi 
i e to loS pp»# in derhhaft) i t ranges frosi 16 to S4 pp» and in 
Chipurup«iie i t ranges irosi S4 to 90 ppsi. Iho re lat ive diatriisu-
t ion ot lithium in OariviOi* OarMissi and Chipur«^alle manganese 
oces i s presented in l^ig. 21. 
Oeochenically nickel i s a siderophile element and has weak 
a t i i n i t y ior oxygen and the hulk ot i t i s altwys asecciateo with 
metall ic iron. 
idckel contents in Oarividi manganese ores ranges from So to 
440 ppn* in <iarlsham SO to 73o pp» snd in Chipurvq^alle i t i s ranged 
f s o l 80 to 320 pp«. 
Ihe re lat ive distritoution ot nickel in Oarividl* Oarhh4Wi and 
Chipun/y>alle manganese oses i s presented in f i g . 22. 
(Fto) 
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i n tkm CATbotMkt* Md potaoh C«iap«r> UmmA content In Oarlvidl 
mmoQ»sm»m orea r*ng«» troM 40 to 7fto ppm, in QmKtihmn 
tKcm 120 to 460 |jp« «IK1 in Chipun^ail* iron 40 to 
240 p f « . 
llM r4i«t iv« dlstritaation of Io«d in Oarividi, OartohMi and 
Chipuru¥>4ftXIo RMDgwMiMi oco» i * pTOMintod in Figuro 22. 
i&inc i s pcodominantiy chaicophil* olcment, gooohsnicALly i t 
i s nainly roiaUid with Mg^ ,^ Mn^ ^ and Cm^» 
£inc contonta i n Oarividi* aiangaoaaa oraa ranga from 220 to 
810 ppn« in Oartaham i t rangad trcm 140 to 420 ppm, and in Chipuru* 
pal ia i t ^ t a i r i / high concantration« i , a . « rangaa treii 420 to I«040 
pp«« Tha rai«tiv« diatritoution of s ine in Oarividi, Oartoham and 
Chlpum|>a3.Ia manganaaa oraa i a prasantad in Figura 22. Acoocding 
to Kriahna ftao (19S9) tha prasanca of s ine in theaa oraa inay ha 
dua to absorption of thaaa aianMits hy tha ora. iha aourea of 
sine May ha tracad to 'oiqrdata sadinant* rich in aanganaaa. 
Tha oraa h«v« tha folloidng charactarist ics as far aa thair 
oxlda constituants ara concaraadi 
X. XroTi oid.da incraasaa with tha incraasa of nanganasa oxlda 
and vica varsa. 
2. fidlica, and t i tan ia hava nagativa ralationship with boUi tha 
BMinganaaa oxldaa and iron oJCldaa. 
3 . Alumina hava ins ignif icant ralationship with both the 
wknganaaa oidda and iron oxlda. 
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4, so(i« ahows po«itlv«i c«I«tionslilp with tx»th wmngmmwm oxKI* 
«iidi iron oxld«s, 
&• M«ng«n««ft «nct icon exiAmm toot.n h«¥« poaitiv* raiationship 
with mmgomml; 
4. Tti« potaaiiw oxld* h«v« inaigniticant ralationahip tcLtn tootn 
iron and laaiigaoaaa o«14«« 
7, watar haa poaltiva raiationaitip with lioth tha conatituaota« 
i,c.« nanganaaa aocs iron* 
8. Phoaphocua hava inaignifieant relationahip with iron and 
manganaaa oxida. 
9« Calcium aLightiy incraaaaa with tha incraaaa o£ manganaaa 
oxida i«iila in tha caaa o4 iron, calcium dacraaaaa with tha 
incraaaa oi iron contanta. 
10. wuantitativaly ailica ia mora than aliMina in tha manganaaa 
oraa oi ail tha thraa araaa, 
iX. Cao is graatar than Ngo axcapt in iaw aamplaa. 
12. KjO ia graatar than Na^O axcapt in a law aamplaa cMiactad 
trom OariviCUL and Garhham, 




llie n«y«U.v« relation iMttMen flilOj ^ ^ *^nO (Fig. I4A) is 
«pp«c«nt though it is difficult to <te£in« th«ir relationship 
e^licitiy b0caus« the soujxe of ailica may be more than one in 
the case of these deposits. Moreover« their possible relationship 
cannot be generalised from the above relation for the deposits 
unless the silica content in the gangue and ore minerals of 
manganese are separately determined. 
oxidate sediments rich in manganese and containing varying 
««tounts of iron are usually produced by oxidation process in 
nature^ auch *m lake and bog iron ores and micro-organisms are 
supposed to play a catalytic role in their lormation (see 
iischen, 0.« 1932). 
The i^io^horus is almost ubiquitous in all the manganese 
ore samples that were analysed. It ranges from 2.77 to as high as 
7.76 per cent. In general^ the pho^horus content increases %<ith 
an increase in the proportion of iron and manganese in the ore. 
According to Mookherjee* A. (1961) the source of ptM>^ phorus 
in the original manganifer<Mts rocK is apatite and ftpessartite, 
which are the comaoi^ constituents of the ores associateu with 
gondites. Mason,B. and Berggren^T. (1941) reported up to 4.10 
per cent i^ 2^ 5 ^'^ speesarite. The presence of apatite in the 
host rocks indicates that they were subjected to metamorphism in 
7* 
« moc« hydrous •RvicoruMknt «• «l.«o Migy«st«d by Mltch«IL ^t al.<1943). 
Aiumln«i, iMing preaant In ••tliMbi* (4u«ntlty« especially 
in the mengiineee ores o£ Oerividi and Oarbham areas« shows 
a negative relationship with manganese oxide and iron oxide 
(rigs.I4*B and X7->B). The higher alumina content in the ore 
may toe attributed to its syngenetic association with the alumina-
rich host rocks like khondalites and related rocks (see 
Krishna Rao, 1959). 
Ihe lime and magnesia have higher concentraticm in psilo-
melacie and cryptomelane. Most o£ the silicate minerals in 
gondite contain moderate amounts <^ both Cao ana Mgo (Nookherjee, 
1941). The spesssrtite variety o£ garnft occurring in khondalite 
and charnockite contains Cao and Mgo in the K'*o group. Ihe 
amount of Cao in the present ores is always relatively higher 
than Mgo (See Fermor, 1909). 
AS tar the alkalies are concesiwd« K.O is higher in the 
ores •m compared to the gcmditic ores. According to Moc4(herJee 
(1961) the source ot alkalies in the ore is rather puatbling. 
The main supply ot alkalies probably came trcm the intrusive 
igneous rocks that brought about some chemical alteration o£ 
the ores. Another probable source might be the quarts with 
its numerous tluid inclusions. 
The relationship ot manganese with cobalt (Fig. 23-A) is 
positive but insigniticant. Zt may possibly be due to adsorption 
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ot cobalt by mmmmalfsouM oJddttft b«c«u«« during txw process o£ 
«It«r«u.on« cob*It «M« Ubsrstsd trom the pr*-«xl«tlng rocks 
dna tor»ed coLIoia«I hydroxldss which stight h«ve bs«n sdAsd 
to Mn ores by tb« circuXAtiim solution (sss Krishna R«o« I9S9 
And F«naor» LSK>9) • 
Cr anOMndlo not show any signiiicsnt rslstion (Fig. 23-B)« 
thouyh ths concentration of chronium in OMunganese ores in kuite 
high, llM high concentration o£ chrcmiun is possibly due to the 
presence ot ierromagnsssium minerals« %Aiere it occurs as a 
cation* outside the coiiplex silicon osq^ gen irame»work. It is 
also possible that the bulk o£ chroRdum present in sedioMints is 
lound to be associated with clay ndnerals, because clay minerals 
seem to be responsible tor the retention o£ chronium (Cr ) 
(see rrohUch* r.« IMO). 
Ihe presence ot copper in these ores is possibly due to its 
adsorption by Mn (OH)^, Fe (OH)^ and the clay minerals (see 
Krauskop£« 19M). lite source ot copper inay also be the oxidate 
sediments rich in oianganeee as suggested by Krishna Rao (1959). 
A weak positive relationship between nickel and manganese 
(Fig. 23-0) in the ores indicates an intimate association of 
nickel with manganese ore minerals. The lithophile tendency 
ot nickel esqalains its occurrence in braunite. However« nickel 
generally occurs as sulphide segregatlcms ot pyrrhotite-
pentlandite group. ^^ilADIfe 
/ > • • ^^GO J' 
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Th« higher concentration oi sane end its relatlonahip with 
MnO {fig. 23-£} m«/ tw attrilMtedi to easy replacement ot 
Hn2 by iLn^ on account ot their identical ionic radii (aee 
Berry and Haaon« 1959). 
from the aoove diacueaion it may be concluded that the manganei 
orea ot Garividi« Oarbham and Chipurupaile areas are ainilar in 
their yeochemical nature and derived eaeentially tree the original 
manyaniferoua aediments. Some ol the trace elements like Co« Ni« 
Cu and ^ n that were aaaociateu with the ores may possioly oe added 
later by the emanations tcan pegmatites or as a result ot 
contamination with paragneisses. 
Ch*pt«c vz 
tiUMMAiiy AND CONCLUSION 
An att.«Bipt has been naa« to study the moa« ot occurrence, 
regional •et-4y,mineraIogy, petroyrephy (ot host rocKe} ana 
the geochemietxy ot nanyanese ores ot Garivldi, aarbham and 
Chipurupalle areas, aXstrlct Srlkakulam (A.p.). 
Itie manganese belt torns an integral part ot the Lttstern 
Ohat ccsy^ lex. lite study area conprises a group ot regionally 
OMitaMorph^ secl rocXs, consisting ot primarily pyroxene, garnet, 
hornblende, calcite, dolomite, spinal pdedynontite etc., represent-
ing the granulite taciiss. The manganese ores occur in association 
ot calc-granulite, quartsite, lihonaalite and charnocklte ot 
precembrian age. Fermor (1909)« who %MS the tirst to ce|X>rt 
the associated manganese ores tram the area, gave the name 
'kodurite* to the manganese bearing rocks, composed essentially 
ot spandite, telspar, apatite, etc. Malker (1902) was the tirst 
to report tlie geology ot the area, gave the name *khondalite* to 
the unit ot rocks comprising garnet ^ sillimanite ^  graphite 
gneiss. Ihe gaxnet-sillimanite gneiss composes the hills and 
ridges in all the three localities, «ihere manganese ores occur. 
Ihe general disposition ot ore»bearing rocks is NW->SE. 
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Zhm auuig«cwkae oc« d«po«itB o£ Scik«kul4un ionn a pttft ok the 
OMnganiterous horXi&on o£ th« khoQd<»Iite aeries o£ rocks, itie 
(ifl|>oslts occur in the torm ot pockets, lenses« stringers *nd 
t*)9uL«r bodies confonnable with the host rocks. 
Most oi the nengsnese ore deposits o£ kodUrite Aaaociotion 
«re supergeneticftlly altered giving rise to seCondar/ oxides of 
nsnyanese ore. The ores ere generally ol two grades* vi».# medium 
grade and low grade siliceous ores, llie medium grade manganese 
ores are usually compact« massive and hard. I'he low grade 
siliceous ores are generally medium to tine grained and rather more 
triable. The botryoidal and maoimillary manganese ores are common 
in the vugs arKi cavities formed within the fracture and she«u:ecl 
^ones. 
The manganese ores are largely composed of pyrolusite, 
psilomelane-cryptomelane and %Miid. They are essentially manganese 
dioxides with their hydrated derivatives and chief impurities 
are ochreous limonite« laterite« silica and phosphorus, ihe 
country rock types are calc-granulite, knondalite* shale« garnet 
gneiss, felspathic quartzite anct crystalline algal limestone. 
Some unidentified algal bodies of Precambrian age were reported 
from the limestone by the author for the first time. 
'^ he major oxides and trace elements present in the manganese 
ores of the study area have been qualitatively and quantitatively 
determined in order to study the chemical characteristics ot the 
manganese ores. The major oxides include SfOj* ^^2^3' ^^^2' *^'^' 
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•Icownts •<:• Co« Cr« Ctt# Iti, Hl^  Fb wia iii^ n. ih» ir p«tterr> oC 
<kl»vciJoati.otk «nd vttriatiCMi r«Ag«« in th* or« «r» i^eaentca IMKS 
almeumamd. An atutai^ h*» Also tosen MKI* t o ••tatoiish ttM 
v*ri«tiillity rttlatxenahip MMMIQ th« OMijor cofi»titu«nts oi th* 
•angiUMWi oc«s* 
itillCA, «luBlntt mtniX titaniuK to«vt! negative rttlatlonahlp 
with »oUi th» oJddftS* ! • • •# aMn9«ii»«« Mid iron, ^mtmt i s having 
« pos i t ive rsi«tioi»«t»ip Kith MsngiMioMi snd iiront s i l i c a h«vs 
stsoim pos i t i v s cs ls t ionship with titsniym snd phosphorus. 
Ihs chsmicai chMTSCtsxristic oi ths msngsnsss ors srs 
rissd «s to l ioMi 
I . Iron oxlds incrsssss %ath ths incrssss o i oMngsnsss 
o«L<aiss sno v ies vsrss . 
2* filXics i s gsnsrs l ly gre««t«c than siiUBins in oce, 
9. rhosphocus iocrsssss with ths incrssss at Ltoii and s i l i c s . 
4* Cso i * grsstsr than NgO* 
S. £ocUk it icrsssss « i th ths incirsss» oi •sngsnsss siid iron. 
tt, iNstttr has pos i t ivs rslationship with ix>th nangaosss and 
iron. 
Chrcaiitn i s sxcsptionally hl^h in ths mangansss ores oi ths 
thres arsas possihiy <^ us to ths {MPsssncs o i tsrronagiMSiun 
ninsrais (via.# pyroMsns, hornbisnd, garnst« s t c . } . Ths ors oi 
OarlBhatB shoMS higmr valuss o i nicks! and isad. ihs higher 
concsntration ot sine in ths ores oi Chlpiunq>aXls 
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probably itttiributcd irom th* r*pI«CMient of Mn2 b/ ii^n^ «*re 
•bnormally high. 
Ihe noo« oi: occurcttnce, distxibutlon «na association of ores 
with a particular horia^n in khondalita indicates that primdtrily 
they ace controlled stratlgraphically. Secondary rock structures 
are also partly responsible tor the localiaiation and distribution 
oi some ot Uie enriched ores. 
Collotorm texture*which is characteristically dievel<^ )ed in 
these ores, indLicates that the ores are deposited mostly in 
a colloidal state. Ihey may be classified as deep sccondctry ores 
tormed by the process of supergene enrichment along the fracture 
planes, small openings, vugs and fissures tiithin the host rocks. 
It is therefore concluded that the manganese ores of these 
areas are of sedimentary origin and most of the trace eletnents 
associated with them appear to be possibly contributed by the 
intrusive ecidic igneous rocks or by the as*>ociated paragneisses. 
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£JQPl«MIAISIOIi or PLATES 
7ig» I An outcrop o£ partly «»«thttr«di klu)ndi*Iit« 
interlayad with iiMngMMiatt or* in "inclined 
quarry*, a«rivl(U. 
Fi9. 2 An outcrop ot typical ly wa«Uwr«d c a l c -
granuXit* showing ninor drag t o i d s . A amall 
ptygpiatic foIdXim oil quarts vain (ahoun by 
arrow) in tha rock, Faccor h i l l# OarXvidl. 
Fig. 1 An axM^la of, diahamonic typa of folding in 
caic«granullta« Davada H i l l , Davada. 
Fig. 2 A prcninant axanqple o£ ptygnatic toldlng oC 
quartz vain in Galc*>gr«nulita at Oavada H i l l , 
Oavada. 
Fig, I An outcrop in cttntr«I 0«ri3liMi qu«rcy« •howing 
« iftiMrp contACt kwtwettn calc-9r«nuiit« 
MKl fri«bl« «Mng«n«s« or«« in C«ntr«X Oarbham 
quarry. 
Fig. I £«MiIl lcnticul«« ot calc-granuiiuia within 
iiriabi* manganaMi ora. Mote the tapering 
nature ot Lenticulee. £««t OartohaA quarry« 
Oartohan. 
Fig . 2 Itte abandoned Oa^ Dham nain p i t partly f i l l e d 
icLth tiater. I t s depth i s approx, 250 f t , 
Thie i e the only source of water in Garbham 
ana for mrrounding areas. I t i s the oldest 
and one c^ the deepest open-cast manganese 
quarries in the ccAuitry. Oartoham. 
f i t i f V 
Fig. 1 A g«iwr*l vi«w ot UM *B* muig«n«Mi quarry 
looiang north, £««t OarbbMR Mine «r««« 
OArlBhMi. (lxtt« for acale , 6,5 « approx.) 
Fig. 2 A h*iKisp«clBwi ot «Midi ahonlng CMAIIClower 
Ilk* torn, trcn J«l BhaiMnl quarry, OarMuMn. 
(8aiq;}la 6 cm). 
Fig. 3 Roaatts ot acapoiltaa seen on Joint aurtaca 
In c«Ic«Kjranullta, Davaa* K i l l , DwnA*, 
(SaH«>Ia 2.S Oft). 
n*\i9 n 
wig, I Photcmlcroyraph o£ crystalLXiM IXsMston* 
•howing ftn 4ULg*JL body. Koduru ^ tt*rry« 
Oacividi (CcosMd NicoU, 3C«3), 
Fig. 2 Photondccogr*!^ ol: crystalUn« liJMSton* 
showing sigsl bodiss (dsrk) in cslcits 
(light colour). Hots ths cylindrical 
cross ssction st ths srrow. Kodbtru qu«rry« 
Osrividi (X 2S). 
Fig. 3 Photcsdcrograph o£ cslcsrsous liMistons 
showing slgsl filsmsnt and sutiars. Koduru 
qusrry* Osrividi (K 29). 
iukSSBLmLkm 
Fig. 1 Fhotcnlcrograph of co«r«« graliuKi crys ta l l ine 
limestone aluMiing doXonite (polyeynthetic 
twinning) c a l c i t e («l»o polysynthetic taut 
lameliee ere thin) end « WMill gr«in o£ 
•cApoIite, KodunA querry« Oerivi (X 25) . 
Fig. 2 Photonlcrogxrej;^ ot coecae grained limestcffie 
•hOMlng replacement o£ c a l c i t e by quarts« 
Koduru quarry^ Oarividi (Crossed n i c o l s , 
Xft3) . 
Fig. 3 Photonicrof^aph o£ caTc-granuIite shotting 
pyroJfMie* hMcrnbLend and orthocLaaet hornblend 
shoving pleochrolc haios and some inclus ions . 
Faocor Hiil« oarividi (x 25). 
Fig . 4 Pbo^cnicrograplfa o£ caic«-granulite Mioiiing 
part ial replaceoient o£ garnet by quartz, 
oevada Hi l l , Oevada ( X » 3 ) . 
n^vf fui 
Fig, I Fhotoaiicrogr«ph of c«lc->9ranuU.te showing 
isoi«it«d «iigui«r ir«gfm«nts oi quwcrts and 
octlMx:la«« (Iigh«r ton*) in 0Mfig«n«a« or« 
(d*sk) , "P^roxid* quarcy" « Oatrividi 
(CrosMd Nicols , X § 3 ) . 
Fig. 2 Photomicrograph ot c«ic->gr«nulit« from 
Udikim«t« Hill« 0«rtoh«ii (CrosMd nicoI»« 
X 2S) • Not* open fractures indicating 
• ve dilation^ characterist ic of t e n s i l e 
s trees regime. 
Fig. 3 Photcmicrograph oi Khondalite shoicLng 
e l l i p t i c a l and sub^roonded grains ot 
feldspar* embedded in Mn ore. Central 
Qarbham (Crossed n i co l s , X 2S). 
Fig. 4 Photcnicrograph of khondalite showing 
sufc>->roundad garnet (G) and oval-shaped 
feldspar {W), embedded in Mn ore. 
Central Oarbham (Crossed nicols# x 25) . 
n*%^ ^^ 
rig. I Photcadcrogrttph o£ kho«d«Ut« shoiring 
angular fragments ot quarts (Q) and 
octhoclaaa (F) ancLoaad in a groundUnass 
ot nanganaaa ora* Cantral Oacbtian (Crosaea 
nicola, X 2S). 
Pig. 2 Photonicxograi^ ot khondalita showing 
•«tgad angular tragatant ot quarts, orttioclasa, 
and scapoLita in Nn ore (black)« Udilcinata 
HilJL« Garbham (croasaci nicole, X 2S). 
Fig, 3 Photcodcrograph o£ iracturad garnet in 
khonOaiite showing infilling of fracture 
spaces of Mn ores. Central Oariahan (X 2S). 
Fig. 4 Fhotosdcrograph of a fine-sirained shale 
showing jirejcvfed orientation of quarts and 
micaceous minerals along the shaly hands. 
Oarividi (Crossed nicols, X 63). 
n*^ X 
rxg. I Photonlcrogr«ph oi 9«rn«t«£«rous gtmimn 
•HowXng stxttin alip cXtMViigtt in ctaoritoid 
(lighter ton«)« *B* quurry. East Oarbhara 
Fi9« 2 Photomicrograph ot an orthoclaa* crystal 
in garnet«f«rottS gneiss shoMlng very 
minute inciualons oi spinel oriente<i 
preierably along the cleevages direction 
ot orthoclase. *B* quarry« East Oarbham 
Fig, 3 Photomicrogra^ ot ielspathic qusrtsite 
showing granoblastic texture and assemblage 
ot quarts (L)« feldspar (F)« and uralite (U) 
and Mn ore. Uralite showing alteration 
from pyroxene. 'A* quArry^ East oarbhem 
(^  25). 
^PUMiK-lLii 
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1 Mbift V - UistrilMiUien of iiAjor oJtldtts in the 
iMiigAnBMi os«« of OMiBliMi mines« 
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imktlm Xxi . uistxitoution of vturious tr«e« 
•i«M»nts ( in fpm), ChipurupAllii 
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